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Blakiston Books 


For The Chemical Reference Room 
HACKH-GRANT—Chemical Dictionary 


By the Late Inco W. D. Hacxn, Pu, D., 
Revised by Jutius Grant, M.Sc., Px.D., F.R.1. C. 


This new Chemical Dictionary presents an intelligible account of the extensive prog- 
ress in all branches of chemistry and related sciences based on the latest research 
findings and current acceptations. Nomenclature and spelling follow the system of 

{ilus. the American Chemical Society and British practices; that recommended by the 
9" 1.U.C. is asterisked. Ring’systems are represented by line formulas, square formulas 
5 pages or geometric. Synonyms are given under each definition. Derivatives of compounds 
gi2- 00 are listed for convenience under parent compound. Commercial names are referred 
to the scientific synonym. Some complex organic compounds with trade names are 
listed under their full chemical names. Important distinctions of a term are printed 
. in italies and Generic terms are capitalized. Compounds are listed in systematic 
order giving the name, formula, molecular weight, synonym, occurrence, preparation 
or type of substance, appearance, density, melting-point, boiling-point, solubility, 
chemical, industrial or medicinal uses. Brief biographical data are supplied with 
the names of important investigators. Tllustrations include portraits, apparatus, 

instruments, diagrams. _ Numerous helpful cross-references are given. 


MELLAN—Orsenic Reagents In Inorganic Analysis 
By Ipert Pu.D., M.Sc., F.A.LC. 


The far-reaching and important advances in analyses that have been made with the 

use of organic reagents are presented in a most practical manner in this pioneer 

682 pase » work. . All organic reagents are described and their reactive groups and resulting 

— 990 00 compounds are demonstrated graphically. Each method is carefully and intelligibly 

ow eleseribed-and full.direetions for carrying it out are given. Two hundred and thirty 

qualitative, 240 quantitative tests (colorimetric, gravimetric and volumetric) are 

_ included. The basic principles of combination of inorganic ions or radicals with 

various types of organic compounds are considered individually, after which, sub- 
stances and radicals appear with the varied methods of each. 


The Blakiston ene sage Philadelphia 5, Pa. Please send the following book: 
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CONFIGURATIONS OF 
CULTURE GROWTH 
By A. L. KRozser 


A systematic examination into the 
manner and typical stages of the 
rise, culmination, and decline of the 
most important pulses or growths in 
philosophy, science, sculpture, paint- 
ing, literature, drama, and music. 
An endeavor to treat historical ma- 
terials with a sociological purpose by 
the methods of an anthropologist. 


— Published December 1944 
3 ; x + 822 pages, 12 figures in text 
Cloth, $7.50 
UNIVERSITY OF CALIFORNIA 
PRESS 


Berkeley 4 Los Angeles 24 
Please address all communications to the Berkeley office. 


Bacto-Agar 


Bacto-Agar is a purified Agar prepared from 


domestic material. In the manufacture of 
Bacto-Agar extraneous matter, pigmented portions, 
and salts are reduced to a minimum, so that the 
finished product in the form of fine granules will 
dissolve rapidly, giving clear solutions. 


Bacto-Agar is distributed only for use in 
bacteriological culture media upon proper 
certification by the purchaser. 


Bacto-Asparagine 


Bacto-Asparagine is a purified amino acid 
widely used in synthetic culture media and in the 
preparation of tuberculin. 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 


In the Research and Development of Bacto-Peptone and 
Dehydrated Culture Media. 


DIFCO LABORATORIES 


INCORPORATED 
DETROIT, MICHIGAN 


Electronic-Hardened Filter Paper 
No. 576; Micro Lint-Free; 
for Biological Products 


Schleicher & Schuell Co. 
Plant and Lab: South Lee, Mass. 
Head Office: 116-118 West 14th St, 
New York 11, N. Y. 


Sample Storage Set: Keeps 100 samp 
(8 ml) in orderly arrangement, index 
eompact. Fine for organic preparati 
reference samples. $3.25, complete, mo 
back guarantee. R. P. Cargille, 118 
erty St., New York 6. 


NEW and USED MICROSCOPES 
BOUGHT—SOLD—REPAIRED 

There is a vital need for used microscopes, scien- 

tific, optical ap) and accessories—you will 

help the war effort by sending them in to us— 

Ship at our expense for offer. THE HIGHEST 
CASH PRICES PAID regardless of condition. 


NATIONAL SCIENTIFIC INSTRUMENT COMPANY 
hone Barclay 7- 
119 Chambers St. New York City 7 


AVAILABILITY OF “LIFE SCIENCE” 


This text has been so very popular that its West Coast print 
ers, faced with wartime paper shortages, cannot keep y 
with the demand. Although bulk orders must be tempo 
rarily declined, orders for single copies can be filled whe 
to do so will introduce this unique volume to new acquain 
tance. It has 1,024 illustrations and is most interest 
Address the author, M. W. de Laubenfels, 400 South Bo 
Avenue, Pasadena 4, California. 


ERIC SOBOTKA 
New and Used Microscopes 


for immediate delivery 
« 
17 East 40th Street 
NEW YORK 16,N. Y. 


IN THE MARKET PLACE 


THIS NEW classified advertising service will 
make its first appearance in the Feb. 2, 1945 
issue of SCIENCE. For complete details see 
page 15 of the Jan. 5, 1945 issue or write to: 


ADVERTISING DEPARTMENT 


AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 
Smithsonian Institution Bldg. Washington 25, D. C. 
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ADAMS SLIDE BINDERS 


for 2x2 KODACHROMES 


temps 


Bo The new ADAMS SLIDE BINDERS are an improved method for 
binding 35 mm. transparencies of Kodachrome, black and white, or 
other film, between glass, in a cardboard frame bound with a gummed 


Py paper wrap. 


FEATUBES... 


SAFE—The film is protected from dust, fin eet and scratch- 
ing by being placed between two — of gla The glass when 
mounted in the cardboard frame Bind- 
ing between the glass prevents Rey film from buckling. 


EFFICIENT—The film is pubenetinty centered in the binder. 
All the equipment necessary is contained in the package delivered 
to you, ready to use. 


FAST.--Kinding a set of slides should require only about a minute 
per slide. 


THINNER AND LIGHTER—The glass used is thinner (0.8 to 1.0 
mm.) and smaller (34x38 mm.) than the usual slides used and 
therefore is lighter in weight—requires less space for storage. 


GLASS QUALITY—Only the highest grade, flat, non-corrosive ye 


practically free of scratches, striae and bubbles is used. It is the 
same glass used in the well-known GOLD SEAL 
Microscope Slides. 


ECONOMICAL—RBinding cost is low when compared with the cost 
of all materials and payed required for other methods. SIMPLICITY OF USE... 
@ Thoroughly moisten the upper half 


UTILITY BOX—The box in which these Binders are delivered to of the binder. 
you is so constructed and of such a size that it will serve as an @ Press cardboard frame into contact 
~ a oncotient temporary storage box for two rows of completed 2 x 2” with the gummed surface. Drop 
slides. «ae into the opening. 
CE A-1650 ADAMS SLIDE BINDERS for 100 2x2” (35 mm.) ~aaition Kodachrome film roperly. 
transparencies. ; Cover film with second giass and 
rill Per thousand (10 boxes) .....: $32.50 
45 NOTE improved labels 
ee In order to you more writing 
space, you wil] note from the illus 
tration the additional amount of 
space available. 


Write for new circular on photographic 
materials, 
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Mey wave Liven forty days without 
food—perhaps even longer. They have 
gone several days without water —and 
lived. But without sufficient oxygen, life 
is snuffed out in a matter of minutes. 


Normally, a person obtains plenty of 
oxygen by breathing air. But following 
bomb blasts, shock from battle wounds, 
heart attacks, during severecasesof pneu- 
monia,and after major operations, addi- 
tional quantities of oxygen may be pre- 
ecribed. The treatment is known as oxy- 
gen therapy. 

The breathing of extra oxygen also is 
required by all flyers in the rarefied at- 
mosphere of high altitudes. The study 
of this use is contributing important data 
to that which the medical profession’s 
continuing research has made available 


ital vo you than Food and Water? 


on the clinical use of oxygen. 


The Linve Air Propucts Company, 
a Unit of UCC, is devoted to the pro- 
duction of oxygen. Every cylinder of 
Linde Oxygen, even Linde’ Oxygen for 
industry, conforms to the purity stand- 
ards of the United States Pharmacopoeia 
—and is therefore suitable for human 
consumption. 

v 


Oxygen therapy, once used as a last resort, 
is now routine early treatment. It should be 
welcomed by patient and family as an oxy- 
gen mask is welcomed by a flyer. 

Civilian and military physicians and 
nurses and others are invited to send for 
booklet 0.1, “Oxygen Therapy Handbook” 
which describes generally the types of 
er with which oxygen is ini. 
te 


BUY UNITED STATES WAR BONDS AND 


UNION CARBIDE AND CARBON CORPORATION 
30 East 42nd Street New York 17, N.Y. 
Principal Units in the United States and their Products 
ALLOYS AND METALS — Electro Metallurgical Company, Haynes Stellite Company, United States Vanadium Corporation 


CHEMICALS — Carbide and Carbon Chemicals Corporation ELECTRODES, CARBONS & BATTERIES — National Carbon Company, Ine. 
INDUSTRIAL GASES AND CARBIDE — The Linde Air Products Company, The Oxweld Railroad Service Company, The Prest-O-Lite Company, Inc, 


PLASTICS— Bakelite Corporation 


SOME WAYS IN WHICH OXYGEN 
1S ADMINISTERED 


Oxygen 
Tent 


IN AN EMERGENCY Linde Oxygen U.S.P. can 
be obtained from garages, welding shops 
and industrial plants, 
v 
PORTANT: All U.S.P. oxygen must un- 
dergo extra drying procedures before it can 
be used for high altitude flying. 
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“Samples to 


It is the policy of Owens-Corning 
Fiberglas* Corporation to furnish 
adequate samples of Fiberglas, in any 
of its varied forms, for medical re- 
search and clinical investigation. 
Sorte of the uses, experiments and 
developments which have already 
resulted from this co-operation are 
described in the new booklet, “Pio- 
neering Uses of Fiberglas Materials 
in Medicine”. A copy of it, together 
with samples of the particular types 
of Fiberglas referred to in the book- 
let, will be sent to you on request. 


Seo by 
“lal; 


Many physical properties not often 
found in combination are responsible 
for the contributions Fiberglas has 
been able to make in the fields of 
research bearing on health. Fiberglas 
is glass in fiber or filament form. It is 
an inorganic, nontoxic, nonallergenic, 
nonsensitizing and chemically stable 
substance which produces no harmful 
effect upon human tissue. 

Fiberglas is pliable, has great 
tensile strength, high dimensional 
stability and resistance to high tem- 
peratures, steam, corrosive fumes and 


FIBERGLAS 


*T.M. Reg. U.S. Pat. Off. 


qualified persons engaged in research” 


acids (except hydrofluoric) and can 
be sterilized and resterilized. The in- 
dividual fibers are nonhygroscopic 
and noninflammable. 

In writing for your copy of the new 
booklet—or for details regarding sam- 
ples for experimental work, address: 
Owens-Corning Fiberglas Corporation, 
2033 Nicholas Bldg., Toledo 1, Ohio. 
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Merck Amino Acids 


The accompanying table gives the optical rotation and the nitrogen or 
sulfur content of the Merck Amino Acids. The high degree of purity of 
Merck Amino Acids makes them suitable for investigative studies to 
determine their nutritional importance and their physiological signifi- 
cance. Almost all the amino acids found in proteins now are being 
manufactured by Merck & Co., Inc. 


Optical Rotation 


Nitrogen or Sulfur 
Content 


Theoretical Nitrogen 
or Sulfur Content 


Aminoacetic Acid U.S.P. 


N:18.4%—18.8% 


1 (—) Arginine 25 +21.4° to ee 
[2] 5 (in normal HCI: N:26.3%—26.7% N:26.60% 
Aspartic Acid N:10.4%—10.6% N:10.52% 
Beta-Alanine N15.6%—15.8% N:15.72% 
Alpha-Alonine N:15.6%—15.8% N15.72% 
1 (+) Cysteine Hydrochloride (not less than 98% on the anhydrous basis) 
1 (—) Cystine fa] 8° —200° te —203° $:26.3%—27% $:26.69% 
1(+) Glutamic Acid [a] 2° in normal to N:9.4%—9.6% N:9.52% 
N {in onhydr. 
di Glutamic Acid Monohydrate N:9.52% 
1 (+) Histidine 25 +9.5° to N (in anhydr.) 
[a} D (anhy. basis in normal HCl): 21.7% —22.0% N:21.93% 
1 (—) Hydroxyproline 2° _75:5° 0 —76.5° N:10.6%—10.8% N:10.68% 
di Isoleucine N:10.5%—10.8% N:10.68% 
di leucine N:10.5%—10.8% N:10.68% 
25 +15° to 
*1(—) Leucine [a] 5° (in 20% +72 N:10.5%—10.8% N:10.68% 
1 (+) Lysine 25 (anhy. basis in normal HCI): +20° to 
di Lysine Monohydrochloride N15.2%—15.4% N:15.34% 
N:9.3%—9.5% N:9.39% 
di Methionine $:21.3%—21.6% $:21.5% 
di Norleucine N:10.5%—10.8% N:10.68% 
di Phenylalanine N:8.4%—8.6% N:8.48% 
1 (—) Proline [a] 2° —83.5° to —85.5° N:12%—12.3% N:12.17% 
di Serine N13.2%—13.4% N13.35% 
di Threonine N:11.6%—11.9% 
Tryptophane N:13.5%—13.8% N:13.72% 
(—) Tryptophane [a] 2° —31.5° to —33° N:13.5%—13.8% N:13.72% 
25, —=10" to 
(—) Tyrosine [a] (in normal HCl): N:7.6%—7.8% N:7.73% 
di Valine N:11.8%—12.1% N11.96% 


Speed the Victory 
with War Bonds 


*Methionine: less than 0.1%; Tryptophane and Tyrosine: less than 0.05% 


**Tyrosine: absent (by Millon’s reagent) 
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New Worlds of Learning 
with a Victor Animatophone 
gen Education reaches higher standards . . . learning takes on a 
ent new interest with the flick of the switch of the classroom Vic- 


tor Animatophone. All the world is within your reach, a 

world that can be grasped and understood better when it is S Cc IEN 
seen and heard ... strange countries . . . scientific experiments 

... the greatest in music and drama... visual depiction of DRA 


the scriptures . . . the wonders of nature and the marvels of 
invention... whatever you want brought into the classroom 
wherever it may be, through Victor 16mm Magic. Greater M U S I 
clarity of sound, sharpness of image, simplicity of opera- 
tion and quality of construction make Victor the ideal TRAVEL 
sound motion picture equipment for teaching and training. 
First to produce 16mm cameras and projectors, Victor is the 
dank today . .. and the leader of a greater tomorrow. wo HIP 


FOR VICTORY IN 1945— 
BUY WAR BONDS 


Home Office and Factory: Davenport, Iowa 
NEW YORK (18)— McGraw Hill Building, 330 West 42nd Street 
CHICAGO (1) —188 West Randolph 
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A Slogan For Every American 


Below, No. 5300 Type S Test Set—a portable Wheatstone 
bridge being used for inspection of resistors. 


Above, this No. 8657-C Portable Potentiometer In- 
dicator used in checking temperature. 


PORTABLE TESTING INSTRUMENTS 


Here are shown two, from among several instruments which we manufac- 
ture for a variety of uses— 


For measuring temperature, resistance, conductivity, pH and other con- 
ditions measurable by electrical methods, in laboratory and field work of 
all kinds. 


For checking and trouble shooting in the use of thermocouple and Rayo- 
tube potentiometer temperature-measuring instruments, and Thermohm 
Wheatstone bridge temperature-measuring instruments. 


For locating faults in communication circuits and power cables. 


MEASURING INSTRUMENTS 


No. 5300 Test Set has a self-con- 
tained battery of 4.5 volts and a 
self-contained pointer galvanometer 
with a sensitivity of 1 microampere 
per mm division. If higher voltage 
battery or more sensitive galvanom- 
eter is needed, one or both can be 
connected. Directions for several 
ways of using the Set are mounted 


in its lid. See Catalog E-53-400(1). 


LEEDS & NORTHRUP COMPANY, 4926 STENTON AVE., PHILA., PA. 


No. 8657-C Portable Potentiometer 
Indicator has a most useful feature 
in its manual compensator for ref- 
erence-junction temperature. This 
eliminates all computations regard- 
less of the ambient temperature; 
millivolt reading is full and accurate 
equivalent of measured tempera- 
ture. See Catalog E-33A-503 for 
further details. 


* TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 
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ADDRESS OF THE PRESIDENT OF THE 
ROYAL SOCIETY’ 


By Sir HENRY DALE, O.M., G.B.E. 


THE annual number of Obituary Notices of Fellows 
of the Royal Society, published to-day, and the names 
which have just been read to us remind us of the losses 
the society has suffered. 

Allow me first to make brief mention of the last 
service rendered to the society by one who had long 
been devoted to its interests, and whose name is among 
those of the fellows whom death has taken from us 
during the past year. Sir Henry Lyons, who was our 
foreign secretary for a year, and then achieved so 
much for the society in his full term of service as 
treasurer, had acquired in that period a deep interest 
in the handling of the society’s business and in the 
changes in its structure and its administration over 
the centuries of its history. He devoted the last four 
years of his life, under conditions which must have 
deterred any less resolute enthusiast, to the writing of 
a historical account of the administration of the Royal 


1 At the anniversary meeting, November 30, 1944. 


Society under its charters, and at the time of his death, 
last August, he was eagerly awaiting its publication, 
which war-time difficulties had long delayed. This 
long-expected contribution to our history was pub- 
lished a few weeks ago, and the society will weleome 
and cherish it, not only as a record of value and inter- 
est in itself, but in memory of one to whose devoted 
labors the society and its fellows owe so much. 

A year ago I reported to the society that our bio- 
logical secretary, Professor A. V. Hill, had left us on 
an important mission te India. The council of the 
society, at the invitation of the Indian Government, 
had nominated Professor Hill to visit India to see its 
problems for himself, so that he might offer his advice 
on scientific matters in general and, in particular, on 
the adoption for India of a new and progressive pro- 
gram of research and enterprise in science and its 
applications. From all sourees—from the Viceroy 
and the Secretary of State with their official colleagues 
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and counsellors, and directly from our own colleagues, 
the Indian men of science—we have had evidence of 
the unqualified success of this mission of cooperation 
and good-will. We had nominated Professor Hill with 
a full confidence in his personal and scientific qualifi- 
cations for such an undertaking. We knew, however, 
that the success of his mission would depend even 
more on the response made to his appeal by India’s 
men of science. To succeed, he must find them sharing 
his own ecnviction, that only a large and generous 
promotion of scientific and technological development 
in India would open for the teeming millions of its 
peoples any prospect of the advances in nutrition, 
health, prosperity and culture required to fit them for 
their proper place in such a world civilization as we 
shall soon be striving to rebuild on firmer scientific 
foundations. The response of India’s men of science 
has been no more in doubt than that of its Govern- 
ment. We sent Professor Hill to hold out the right 
hand of cooperation; India has sent us six of its 
scientific leaders to grasp it here in Britain, and we 
rejoice to have them with us to-day. 

In accordance with a plan which I mentioned here a 
year ago, the first meeting of the society to be held out- 
side this country, in all its long history, duly took place 
on January 3 of this year, on the occasion of the meet- 
ing of the Indian Science Congress in Delhi. The Vice- 
roy, Lord Wavell, honored the meeting with his pres- 
ence, and Professor Hill, as a vice-president, was able 
to give formal admission to two of our Indian fellows, 
Professor Bhabha and Sir Shanti Bhatnagar, and to 
receive their signatures on a special sheet of parch- 
ment. India’s prompt and generous response to the 
invitation which’ Professor Hill extended has now 
brought Sir Shanti Bhatnagar here as a member of 
the return mission, so that he has been able already 
to sign the Charter Book itself. We shall hope that 
opportunities will yet occur for all Indian men of 
science who have been, or will in the future be, elected 
to our fellowship, to come here to the society’s home 
and to inscribe their names in the book which our fel- 
lows have signed since 1662. This, our ancient and 
now historie Charter Book, is largely representative, 
in its earlier pages, of the springtime of modern 
science, not only in this country, but in all the western 
world; and we desire that it shall now also bear witness 
to a growing freedom of scientific contact and inter- 
change with the great center of eastern culture, from 
which our visitors have come. Their journey to 
Britain, and later to Canada and the United States of 
America, should mark the beginning of a new era 
of collaboration in science between India and the rest 
of the world, growing ever easier and more intimate 
as the means of world transport, with the added im- 
petus which war’s demands have given, attain yet 
higher levels of speed and safety. 
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Our Indian colleagues are coming to the end of a 
visit which, we hope, has given them a new insight 
into the scientific activities and organization with 
which this country is still meeting the demands of war, 
and preparing for the tasks which will later have to 
be shouldered by a tired though triumphant country, 
in a largely devastated world. We hope that they will 
have learned, perhaps from our failures as well as 
from our achievements, lessons which will have appli- 
cations of real value to their own country’s scientific 
problems. All fellows of the Royal Society have been 
glad to know that our apartments have served our 
Indian guests as an official home and a point of de- 
parture for their various visits and engagements, and 
that Professor Hill has thus been able to keep a close 
and friendly eye upon this gratifying fulfilment of his 
hopes and his plans. Two days ago this visit of our 
Indian colleagues, nearing its end, reached also its 
climax, when their Majesties, the King and Queen, 
were graciously pleased to receive them, and thus to 
show their interest in the promise of a closer under- 
standing and comradeship in science between India, 
the United Kingdom and the whole of the British Em- 
pire. 

I made preliminary mention last year of the action 
taken by the council, in appointing a special commit- 
tee to consider the prospective needs of fundamental 
researches in physics. As was then foreseen, the news 
of this response to an appeal from the sponsors of 
physies soon evoked similar pleas from those con- 
cerned for such researches in a number of other 
branches of science. The council agreed, accordingly, 
to appoint a series of other committees to advise upon 
the respective requirements, in the period following 
the war, of fundamental researches in chemistry, biol- 
ogy, geology, geophysics, geography and meteorology. 
Reports from all these committees have been received 
and considered, together with one of similar aim pre- 
sented by the standing subcommittee, on oceanogra- 
phy, of the National Committee for Geodesy and 
Geophysics; and it is by no means certain that the 
tale of these special reports and appeals is entirely 
complete even now. It will be understood that the 
society, in undertaking this investigation, has endeav- 
ored to center its inquiry on researches aiming at the 
advancement of knowledge without immediate or even 
implicit reference to practical needs or objectives. It 
has done this, not because it regards those researches, 
which have in view the use of scientific methods and 
principles for the service of man’s material needs, as 
of inferior status or interest, or as being, by their 
nature, less worthy of the society’s consideration. We 
do not need to be reminded that researches seeking 
only the advancement of pure science have often re- 
vealed the shortest ways to practical developments, 
or that those undertaken with practical ends may 
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chance to open windows upon new vistas of knowl- 
edge. It may be hoped that the Royal Society will 
never lose the comprehensive aim defined in its char- 
ter, of “further promoting by the authority of experi- 
ments the sciences of natural things and of useful 
arts.” It will be understood, however, that the council 
had to keep in mind the increasing extent to which 
support by public money is already given, through 
the three advisory councils, to those researches which 
are aimed, more or less directly, at obtaining and 
using scientific knowledge for the promotion of indus- 
trial and material progress, of human health and of 


agriculture; and they had to keep also in view the - 


more immediate appeal which is made to private 
benevolence and enterprise, by researches with objec- 
tives thus already in view. As I said last year, the 
Royal Society must, in such circumstances, regard as 
its special concern the proper nourishment of the 
roots of the tree of knowledge. We hope that the 
report which the council have now adopted, based 
upon those of the special committees, will enable the 
society to evoke an effective response to its own con- 
viction of the supreme importance, for the nation’s 
future, of provision for the support of scientific re- 
searches at the frontiers of the unknown, on a scale 
more generous than any which has hitherto come 
within the range of official vision. The society is mak- 
ing representations to the appropriate departments 
and authorities, and stating its conclusions as to the 
nature and the dimensions of the various grants of 
funds and facilities which will be needed, to enable 
this country to keep its place in the general advance 
of science, in the altered world which will emerge 
from the war. 

I ought to make further brief reference to another 
matter on which I spoke in some detail last year, 
namely, the accommodation provided by the nation 
for those scientific societies which, according to the 
pattern and tradition of our own, devote their activi- 
ties to the promotion of natural knowledge for the 
general advantage, without reference to private in- 
terests or to professional status and discipline. Such 
provision had been accepted as a national obligation 
as early as 1778. The quarters at present provided, 
here in Burlington House, represent the allotment 
made in 1869 to the societies which then achieved 
such recognition. Since that date no enlargement or 
material alteration has been made, and there seemed 
to be no prospect of any, either for the societies ad- 
mitted 75 years ago, or for others whose claims to 
such privilege have later appeared. Even the accom- 
modation thus assigned in 1869 appears to have been 
only a remainder, after the major part of an earlier 
and more generous plan for science had been diverted 
to other purposes by intervening claims. In 1869, we 
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should remember, the study and promotion of the 
sciences had hardly been recognized as a life’s oceu- 


’ pation, except for a few determined devotees; science 


was at that date still largely a matter for the leisure 
of cultured amateurs. It is no matter for surprise, 
therefore, that accommodation then regarded as ae- 
ceptable should now be found to make grossly inade- 
quate provision for some of the more important of 
present scientific needs, and none at all for others. 
After I had drawn public attention to this anomaly 
last year, we were asked by several of the specialist 
societies concerned, to take appropriate action with 
the Government. We approached the Lord President 
of the Council, Mr. Attlee, and on October 13, with 
the Chancellcr of the Exchequer, Sir John Anderson, 
and the Minister of Works and Buildings, Lord Portal, 
he kindly received a deputation representing all the 
societies which have been housed here sine 1869, and 
several others for which the Government has hitherto 
made no provision. Apart from the special and 
urgent needs of some of the societies, the case was 
fully presented for the inclusion, in any scheme for 
the rebuilding of London, of a center adequate to 
accommodate the principal scientific societies on a 
well-coordinated plan, and so placed and designed as 
worthily to symbolize the central importance of 
British science, for the cultural as well as the mate- 
rial aspects of the civilization of this nation, and, 
indeed, of the world. The ministers gave a careful 
and sympathetic hearing to the statement of our 
claims, and asked us to furnish quantitative data, as 
a basis for their further consideration of the problem. 
With the outeome of the war even more certain, 
there can be no relaxation yet of the demand on what 
our scientific effort can contribute to the hastening of 
its end. It is none the less our duty to begin to look 
further ahead and to prepare for the part which 
science must play in the world which will follow. The 
needs of alliance in war have evoked, especially be- 
tween the two great branches of the English-speaking 
nations, a closer interchange and collaboration in 
science, between men of different national traditions 
and loyalties, than has ever before been a matter of 
organized policy. It is not too early to begin to con- 
sider to what degree, and in what form, such a 
collaborative effort should be continued into the eon- 
ditions of peace, and extended to scientists of inter- 
naticnal good-will throughout the world. Even in the 
twenty years of uneasy armistice which ended in 1939, 
a measure of cooperation among the world’s scientists 
was achieved, which held promise as a potential agent 
of international understanding. Our traditions go 
back to days when our fellows belonged to a commu- 
nity embracing all Europe in its enthusiasm for the 
new experimental philosophy, and the Royal Society 
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SCIENTIFIC APPARATUS AND LABORATORY METHODS 


LYOPHILIZATION APPARATUS 

accompanying diagram (Fig. 1) illustrates a 
supie, ragged, inexpensive lyophilization apparatus 
whieh hes been used suceessfully for moderately large- 
seale laboratory work, 

Approximately 50 pounds of dry ice, broken into 
small lamps by means of an ice chopper, are required 
ic Hl the imsulated chamber. Effective cooling is thus 
maintained without organic solvents and without fur- 
ther attention for at least 24 hours of operation. For 
shorter periods of lyophilization, the dry-ice require- 
ment ean be reduced by a false bottom in the dry-ice 
chamber. 

The cylindrical welded steel receiver is unbreakable 
and has a condensing capacity of approximately 6 
iiters. The manifold is constructed of pyrex glass 
end is eonneeted to the receiver by means of a rubber 
stopper. Obviously, the design of the manifold and 
the number of outlets can be varied to suit individual 
requirements. A useful design consists of four out- 
lets spaced at 90° intervals to which round bottom 
pyrex-glass flasks of 1- or 2-liters capacity can be 
attached either by ground-glass joints or rubber stop- 
pers. The flasks are filled to about one third of their 


To vacuum pump 
“ Steel receiver 
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Fig, 1 


capacity, and before they are attached to the manifold, 
are rotated in a dry-ice-solvent mixture to freeze the 
material in a thin layer. 

A pressure of approximately 0.2 mm ean be attained 


rapidly and maintained by means of a mechanical 
high-vacuum pump of suitable capacity. Approxi- 
mately 1,200 ml of water (300 ml in each of 4 one. 
liter flasks) ean be removed in 20 to 24 hours. 

As suggested by Campbell and Pressman! a piece 
of cotton gauze cemented over the manifold opening 
effectively prevents loss of small amounts of dry ma- 
terial during lyophilization. Small leaks which may 
develop in the rubber or ground-glass joints when the 
system is subjected to high vacuum can be prevented 
by the liberal application of a sealing compound such 
as Apiezon Sealing Compound Q.? A sealing com- 
pound of this type, which is plastic at room tempera- 


ture, can be applied quickly and easily and can be 


stripped off and reused. Furthermore, sealing con- 
nections from tke outside in this manner obviates the 
use of greases,’ which may contaminate the material 
during lyophilization or during removal of the dry 
material from the flasks. 

The usefulness of the apparatus can be increased 
by providing the cabinet with casters so that it may 
be moved as required. The vacuum pump, pressure 
gauge and a cold trap for protecting the pump can 
also be mounted on a easter-equipped table-so that it 
ean be used either with the lyophilization apparatus 
or with other equipment. 

Aprian F. Pomes® 
Grorce W. Irvine, JR. 
SOUTHERN REGIONAL RESEARCH LABORATORY,* 
New ORLEANS, LA. 


1D. H. Campbell and D. Pressman, Science, 99: 285, 
1944. 

2 May be obtained from the James G. Biddle Company, 
Philadelphia. 

3 On military leave. 

4 This is one of the laboratories of the Bureau of Agri- 
cultural and Industrial Chemistry, Agricultural Research 
Administration, U. 8. Department of Agriculture. 
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ADDRESS OF THE PRESIDENT OF THE 
ROYAL SOCIETY’ 


By Sir HENRY DALE, O.M., G.B.E. 


THE annual number of Obituary Notices of Fellows 


of the Royal Society, published to-day, and the names 


which have just been read to us remind us of the losses 
the society has suffered. 

Allow me first to make brief mention of the last 
service rendered to the society by one who had long 
been devoted to its interests, and whose name is among 
those of the fellows whom death has taken from us 
during the past year. Sir Henry Lyons, who was our 
foreign secretary for a year, and then achieved so 
much for the society in his full term of service as 
treasurer, had acquired in that period a deep interest 
in the handling of the society’s business and in the 
changes in its structure and its administration over 
the eenturies of its history. He devoted the last four 
years of his life, under conditions which must have 
deterred any less resolute enthusiast, to the writing of 
a historical account of the administration of the Royal 


1 At the anniversary meeting, November 30, 1944. 


Society under its charters, and at the time of his death, 
last August, he was eagerly awaiting its publication, 
which war-time difficulties had long delayed. This 
long-expected contribution to our history was pub- 
lished a few weeks ago, and the society will welcome 
and cherish it, not only as a record of value and inter- 
est in itself, but in memory of one to whose devoted 
labors the society and its fellows owe so much. 

A year ago I reported to the society that our bio- 
logical secretary, Professor A. V. Hill, had left us on 
an important mission to India. The couneil of the 
society, at the invitation of the Indian Government, 
had nominated Professor Hill to visit India to see its 
problems for himself, so that he might offer his advice 
on scientific matters in general and, in particular, on 
the adoption for India of a new and progressive pro- 
gram of research and enterprise in science and its 
applications. From all sourees—from the Viceroy 
and the Secretary of State with their official colleagues 
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and counsellors, and directly from our own colleagues, 
the Indian men of science—we have had evidence of 
the unqualified suecess of this mission of cooperation 
and good-will. We had nominated Professor Hill with 
a full eonfidence in his personal and scientifie qualifi- 
cations fer such an undertaking. We knew, however, 
that the suecess of his mission would depend even 
more on the response made to his appeal by India’s 
men of seienee. To suceeed, he must find them sharing 
his own ecnviction, that only a large and generous 
promotion of scientific and technological development 
in India would open for the teeming millions of its 
peoples any prospect of the advances in nutrition, 
health, prosperity and culture required to fit them for 
their proper place in such a world civilization as we 
shall soon be striving to rebuild on firmer scientific 
foundations. The response of India’s men of science 
has been no more in doubt than that of its Govern- 
ment. We sent Professor Hill to hold out the right 
hand of cooperation; India has sent us six of its 
scientific leaders to grasp it here in Britain, and we 
rejoice to have them with us to-day. 

In accordance with a plan which I mentioned here a 
year ago, the first meeting of the society to be held out- 
side this country, in all its long history, duly took place 
on January 3 of this year, on the occasion of the meet- 
ing of the Indian Seience Congress in Delhi. The Vice- 
roy, Lord Wavell, honored the meeting with his pres- 
ence, and Professor Hill, as a vice-president, was able 
to give formal admission to two of our Indian fellows, 
Professor Bhabha and Sir Shanti Bhatnagar, and to 
receive their signatures on a special sheet of parch- 
ment. India’s prempt and generous response to the 
invitation which Professor Hill extended has now 
brought Sir Shanti Bhatnagar here as a member of 
the return mission, so that he has been able already 
to sign the Charter Book itself. We shall hope that 
opportunities will yet occur for all Indian’ men of 
seienee who have been, or will in the future be, elected 
to our fellowship, to come here to the society’s home 
and to inseribe their names in the book which our fel- 
lows have signed since 1662. This, our ancient and 
now historic Charter Book, is largely representative, 
in its earlier pages, of the springtime of modern 
science, not only in this country, but in all the western 
world; and we desire that it shall now also bear witness 
to a growing freedom of scientific contact and inter- 
change with the great center of eastern culture, from 
which our visitors have. come. Their journey to 
Britain, and later to Canada and the United States of 
America, should mark the beginning of a new era 
of collaboration in science between India and the rest 
of the world, growing ever easicr and more intimate 
as the means of world transport, with the added im- 
petus which war’s demands have given, attain yet 
higher levels of speed and safety. 
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Our Indiam colleagues.are coming to the end of a 
visit which, we hope, has given them a new insight 
into” the ‘scientific activities and organization with 
which this country is still meeting the demands of war, 
and preparing for the tasks which will later have to 
be shouldered by a tired though triumphant country, 
in a largely devastated world. We hope that they will 
have learned, perhaps from our failures as well as 
from our achievements, lessons which will have appli- 
cations of real value to their own country’s scientific 
problems. All fellows of the Royal Society have been 
glad to know that our apartments have served our 
Indian guests as an official home and a point of de- 
parture for their various visits and engagements, and 
that Professor Hill has thus been able to keep a. close 
and friendly eye upon this gratifying fulfilment of his 
hopes and his plans. Two days ago this visit of our 
Indian colleagues, nearing its end, reached also its 
climax, when their Majesties, the King and Queen. 
were graciously pleased to receive them, and thus to 
show their interest in the promise of a closer under- 
standing and comradeship in science between India, 
the United Kingdom and the whole of the British Em- 
pire. 

I made preliminary mention last year of the aetion 
taken by the council, in appointing a special ecommit- 
tee to consider the prospective needs of fundamental 
researches in physics. As was then foreseen, the news 
of this response to an appeal from the sponsors of 
physies soon evoked similar pleas from those con- 
cerned for such researches in a number of other 
branches of science. The council agreed, accordingly, 
to appoint a series of other committees to advise upon 
the respectivé. requirements, in the period following 
the war, of fundamental researches in chemistry, biol- 
ogy, geology, geophysics, geography and meteorology. 
Reports from all these committees have been received 
and considered, together with one of similar aim pre- 
sented by the standing subcommittee, on oceanogra- 
phy, of the National Committee for Geodesy and 
Geophysics; and it is by no means certain that the 
tale of these special reports and appeals is entirely 
complete even now. It will be understood that the 
society, in undertaking this investigation, has,endeay- 
ored to center its inquiry on researches aiming at the 
advancement of knowledge without immediate or even 
implicit reference to practical needs or objectives. It 
has done this, not because it regards those researches, 
which have in view the use of scientific methods, and 
principles for the service of man’s material needs, as 
of inferior status or interest, or as being, by their 
nature, less worthy of the society’s consideration. We | 
do not need to be reminded that researches seeking 
only the advancement of pure science have often re- 
vealed the shortest ways to practical developments, 
or that those undertaken with practical ends ‘may 
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chance to open windows upon new vistas of knowl- 
edge. It may be hoped that the Royal Society will 
never lose the comprehensive aim defined in its char- 
ter, of “further promoting by the authority of experi- 
ments the sciences of natural things and of useful 
arts.” It will be understood, however, that the council 
had to keep in mind the increasing extent to which 
support by public money is already given, through 
the three advisory councils, to those researches which 
are aimed, more or less directly, at obtaining and 
using scientific knowledge for the promotion of indus- 
trial and material progress, of human health and of 
agriculture; and they had to keep also in view the 
more immediate appeal which is made to private 
benevolence and enterprise, by researches with objec- 
tives thus already in view. As I said last year, the 
Royal Society must, in such cireumstances, regard as 
its special concern the proper nourishment of the 
roots of the tree of knowledge. We hope that the 
report’ which the council have now adopted, based 
upon those of the special committees, will enable the 
society to evoke an effective response to its own con- 
viction of the supreme importance, for the nation’s 
future, of provision for the support of scientific re- 
searehes at the frontiers of the unknown, on a scale 
more generous than any which has hitherto come 
within the range of official vision. The society is mak- 
ing representations to the appropriate departments 
and authorities, and stating its conclusions as to the 
nature and the dimensions of the various grants of 
funds and facilities which will be needed, to enable 
this country to keep its place in the general advance 
of science, in the altered world which will emerge 
from the war. 

I ought to make further brief reference to another 
matter on which I spoke in some detail last year, 
namely, the accommodation provided by the nation 
for those scientific societies which, according to the 
pattern and tradition of our own, devote their activi- 
ties tothe promotion of natural knowledge for the 
general advantage, without reference to private in- 
terests or to professional status and diseipline. Such 
provision had been accepted as a national obligation 
as early as 1778. The quarters at present provided, 
here in: Burlington House, represent the allotment 
made in 1869 to the societies which then achieved 
such recognition. Since that date no enlargement or 
material alteration has been made, and there seemed 
to be no prospect of any, either for the societies ad- 
mitted 75 years ago, or for others whose claims to 
such privilege have later appeared. Even the accom- 
modation thus assigned in 1869 appears to have been 
only a remainder, after the major part of an earlier 
and more generous plan for science had been diverted 
to other purposes by intervening claims. In 1869, we 
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should remember, the study and promotion of the 
sciences had hardly been recognized as a life’s oecu- 
pation, except for a few determined devotees; science 
was at that date still largely a matter for the leisure 
of cultured amateurs. It is no matter for surprise, 
therefore, that accommodation then regarded as ae- 
ceptable should now be found to make grossly imade- 
quate provision for some of the more important of 
present scientific needs, and none at all for others. 
After I had drawn public attention to this anomaly 
last year, we were asked by several of the specialist 
societies concerned, to take appropriate action with 
the Government. We approached the Lord President 
of the Council, Mr. Attlee, and on October 13, with 
the Chanecellcr of the Exchequer, Sir John Anderson, 
and the Minister of Works and Buildings, Lord Portal, 
he kindly received a deputation representing all the 
societies: which have been housed here sine 1869, and 
several others for which the Government has hitherto 
made no provision. Apart from the special and 
urgent needs of some of the societies, the case was 
fully presented for the inclusion, in any scheme fer 
the rebuilding of London, of a center adequate to 
accommodate the principal scientific societies on a 
well-coordinated plan, and so placed and designed as 
worthily to symbolize the central importance of 
British science, for the cultural as well as the mate- 
rial aspects of the civilization of this nation, and, 
indeed, of the world. The ministers gave a careful 
and sympathétie hearing to the statement of our 
claims, and asked us to furnish quantitative data, as 
a basis for their further consideration of the problem. 
With the outeome of the war even more certain, 
there can be no relaxation yet of the demand on what 
our scientific effort can contribute to the hastening of 
its end. It is none the less our duty to begin to look 
further ahead and to prepare for the part which 
seience must play in the world which will follow. The 
needs of alliance in war have evoked, especially be- 
tween the two great branches of the English-speaking 
nations, a closer interchange and collaboration im 
science, between men of different national traditions 
and loyalties, than has ever before been a matter of 
organized policy. It is not too early to begin to con- 
sider’ to what degree, and in what form, such a 
eollaborative effort should be continued into the eon- 
ditions of ‘peace, and extended to scientists of inter- 
national good-will throughout the world. Even in the 
twenty years of uneasy armistice which ended in 1939, 
a measure of cooperation among the world’s scientists 
was achieved, which held promise as a potential agent 
of: international understanding. Our traditions go 
back to days when our fellows belonged to a commu- 
nity embracing all Europe in its enthusiasm for the 
new experimental philosophy, ‘and the Royal Society 
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will have a particular duty to be among the leaders 
in the resumption of international activities in science, 
and to use all its influence to establish these on an 
ever wider and firmer basis. We have a standing 
committee on international relations in science, with 
our foreign secretary appropriately as its chairman, 
to prepare for what action the society can usefully 
undertake or promote, as the opportunity presents 
itself. Meanwhile we may observe other signs that 
the spirit of international friendship and recognition 
in science is beginning to move again, even while the 
chaos of war is still with us. Among such signs, we 
may note that one of the committees which, since their 
foundation in Stockholm, have awarded the Nobel 
Prizes with unchallenged impartiality among the sci- 
entific diseoverers of all nations, has resumed its 
awards this year. We in this society have weleomed 
the return to London of a group of distinguished 
French leaders in science from the United States of 
America, whither they had escaped from the hostile 
oecupation of their country. We have been able to 
share their rejoicing at the liberation of France, and 
to weleome here others who had remained there, 
often in hiding and always in peril, as leaders in the 
steadfast resistance opposed by all but a negligible 
minority of the Freneh men of science to the enemy’s 
demands for their collaboration. The society had the 
pleasure of providing a special opportunity for our 
fellows to meet our French colleagues, with those from 
other allied countries who have long been in exile here 
during enemy occupation of their homelands. We 
are giad to think that new and lasting bonds of com- 
radeship in science have been created for us with those 
who have been our country’s wartime guests, and 
threugh them with all the men of science in the coun- 
tries which they represent. 

The society had recently the opportunity of showing 
its interest in the revival of international scientific 
cooperation in another special connection. From 
October 16 to 19 a small international conference met 
here, under the auspices of the Health Organization 
of the League of Nations, to diseuss the creation of 
an international standard of reference for penicillin 
and the definition, in terms of this, of a unit of activ- 
ity. Though the league has failed tragically of its 
central purpose, it has less conspicuous achievements 
te its eredit, and science has an interest-in ensuring 
the permanence of some of these. I have myself had 
the privilege of taking part in the activities of an 
international commission under the Health Organi- 
zation of the league, which succeeded, in the years 
between the wars, in obtaining world-wide acceptance 
of standards and units of activity for a whole range 
of modern remedies—antitoxins, hormones, vitamins 
and certain drugs—the strength of which could only 
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be determined by direct biological measurements of 
the specifie activity, in comparison with that of a fixed 
standard preparation in each ease. Insulin was an 
early instance of a new remedy requiring such inter- 
vention; its general use for the treatment of diabetes 
could not have attained the present level of safety and 
effectiveness, unless a world-wide uniformity on these 
lines had replaced the chaos of widely different units 
in different countries, which was threatened in 1923. 
And now research has produced another new remedy, 
penicillin, the suecess of which, in the treatment of a 
range of dangerous infections, has also had such a 
dramatie quality that its reputation has spread rap- 
idly beyond our scientific community and caught the 
interest even of a war-distracted world. Here, in- 
deed, was a discovery which could rank as a major 
contribution of science and to the mitigation of the 
suffering which war inflicts, and, at the same time 
and no less, as a gift of healing to mankind at peace. 
The needs of war had given a stimulus to the re- 
searches which proved penicillin’s remedial value, but 
its rapid production on an adequate scale had to face 
greater difficulties in our own country, where material 
and human resourees had been more completely ab- 
sorbed by earlier requisitions, than in the United 
States. So the present position was reached, in 
which, as we are proud to recognize, the existence of 
penicillin and then, after a decade, the methods by 
which it could be separated in sufficient purity to dem- 
onstrate its brilliant possibilities as a remedy, were 
discoveries made here in England, while, in the 
further researches and technical developments needed 
for its large-seale production, our American -col- 
leagues have played a major part. 

Thus early in its history, therefore, penicillin and 
its applications had become a matter of international 
concern; and, though war had restricted the work in 
this field almost entirely to scientists of the English- 
speaking peoples, and had brought them into an 
unusual intimacy of cooperation, progress had been 
so rapid and aetion so urgent that there was a real 
danger of a divergence of meaning in the terms used 
to express its activity and define its dosage, even 
among the few countries already using it. Prompt 
action was required to avert this by accepting a com- 
mon standard of reference; and, when the proposal 
of a conference for this purpose was made from this 
country to the League of Nations Health Section, 
we were grateful to our colleagues from the United 
States, as well as from Canada and Australia, for 
the generous promptitude with which they agreed to 
make the journey to England, so as to meet with us 
here in London. After all arrangements for the 
holding of the conference here had been completed, 
the liberation of Paris opened a new possibility; Dr. 
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Tréfouel, now director of the Pasteur Institute in 
Paris, was able at the last moment to accept an in- 
vitation to join us, and thus to give our delibera- 
tions, and our eventual agreement, a wider interna- 
tional basis. To illustrate how rapidly a divergence 
may arise under present conditions, I may just 
mention the fact that several different penicillins 
have now been recognized, produced by variations in 
the metabolism of the growth, possibly due to muta- 
tions of the mold itself, possibly to changes in the 
nutritive conditions offered to it by the medium or 
the cultural method employed. Three such varieties 
of penicillin have already been isolated in pure con- 
dition, and distinguished by certain chemical charac- 
ters; but, while English workers had come to refer 
to. these as Penicillin 1, 2 and 3, their colleagues in 
America spoke of Penicillm F, G and X; and it was 
not until they met round the table in our council 
room a few weeks ago, but then in less than 10 min- 
utes, that they became quite certain of the identity 
of 1 with F, of 2 with G and of 3 with X. All these 
penicillins have the specific remedial action in high, 
though not quite identical degrees, and there are 
probably differences, still to be explored, in their 
proportional efficiencies against different infective 
organisms. When once their identities were thus 
put beyond doubt, however, the small conference had 
no hesitation in deciding, for the present, to use 
as the common basis of reference a sample of the 


penicillin which is predominant in most prepara- - 


tions now available, and most easily obtained as a 
pure salt in adequate quantities. The unit could 
then be defined as the activity of a precise, though 
very small weight—0.6 ug—of a particular sample 
of the perfectly dried, crystalline sodium salt of 
Penicillin 2 or G; and the unit thus chosen for definite 
fixation, and for international recognition heneefor- 
ward, was, by a unanimous choice, so defined as to be 
as closely equivalent as possible to the unit first pro- 
pounded by Sir Howard Florey’s team of collabora- 
tors, and widely known as the “Oxford” unit. 

The International Standard for Penicillin is thus 
added to an already numerous series, of which the 
custody, on behalf of the League of Nations Health 
Organization, has been shared by our own National 
Institute for Medical Research with the State Serum 
Institute of Denmark, at Copenhagen; and all these 
standards, we may hope, will be available for trans- 
fer to whatever international authority may be estab- 
lished in succession to the league, as a tangible and 
material result of genuinely international collabora- 
tion, which the league has been able to initiate and 
maintain among men of science, to the permanent 
advantage of the world. 

Though penicillin has rightly made a special appeal 
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to the imagination and sympathetic interest of a wide 
public, it is, of course, only one out of a varied range 
of inventions and discoveries, hastened by the stimu- 
lus of war’s demands and produced, in many cases, 
behind the veil of its secrecy, but ready, when peace 
returns, to take their proper place as new gifts to 
the welfare and the civilized progress of mankind. 
From what has already been made generally known, 
it is clear that we may look forward to revolutionary 
advances in the means of communication and in the 
speed and safety of travel across the world, and in 
methods of controlling insect pests and the diseases 
which insects convey; and these are but a few ex- 
amples of the gains which we and the world may hope 
to set against the tragic loss and sacrifice of the years 
of war. There were probably few who even suspected 
in 1939 that science, in countries then so dangerously 
unready, would find itself, before the war ended, in 
its present position of central importance. None of 
us, I think, would claim more for science, even now, 
than to have played in this war a part of growing 
predominance in the provision for the fighting men of 
the material means of warfare, without which their 
heroism and sacrifice could not have prevailed. Even 
that duty, loyally accepted, is one from which the 
scientific community of the free nations must long 
for the release which victory will bring. But, while 
the operations of war have come to depend on science 
to a degree beyond all earlier experience, it can not 
be doubted that little more than a beginning has yet 
been made in exploiting the possibilities of destrue- 
tion, which science could progressively offer, if the 
world should continue thus to misuse it, and if science 
were still on offer for such ends. Allow me to quote 
a passage from a letter which the Prime Minister, 
whom we are proud to number among our fellows, 
wrote a year ago to Professor Hill, in sending his 
greetings to Indian men of science. 

“Tt is the great tragedy of our time,” wrote Mr. 
Churchill, “that the fruits of science should by a 
monstrous perversion have been turned on so vast a 
seale to evil ends. But that is no fault of science. 
Science has given to this generation the means of un- 
limited disaster or of unlimited progress. When this 
war is won we shall have averted disaster. There will 
remain the greater task of directing knowledge iast- 
ingly towards the purposes of peace and human 
good.” Noble words indeed, and a profession of faith 
which will find an immediate echo in the hope and the 
desire of every true man of science. “When this war 
is over we shall have averted disaster’”—surely that 
is a confidence which every one of us will long to 
share. It must be clear, however, that Mr. Churchill’s 
reference was to the present threat of disaster, from 
which the prospect of our escape is even more fully 
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assured to-day than when he wrote, a year ago. We 
may be certain that nobody sees more clearly than he 
that the threat of final disaster to all man’s hopes 
and achievements will not be forever averted, if the 
possibility of the “monstrous: perversion” of science 
is allowed to remain and to continue its evil growth. 
E\ven in the past year our enemies have thrown a new 
and vivid light on future possibilities, by the new 
weapons which science has enabled them to put on 
trial for our destruction. Though a people’s unflinch- 
ing eourage and an answering effort of science and 
organization, together with the progress of the Allied 
armies over the launching areas, have given us confi- 
dence that flying bombs and the like will not affeet 
the issue of this war, the warning which they give, 
as to what the future might hold, is not the less clear. 
The writing on the wall must be plain for all to read. 
If, when the memories of the present war begin to 
fade, the world should allow science again to be ex- 
ploited by a nation grasping at predominance by con- 
quest, science will no longer be invoked only as an 
aid to what valor can achieve by land, sea or air, but 
as an agent, in itself, of blind annihilation at an 
ever lengthening range. When we men of seience 
regain that freedom, for the ultimate preservation of 
which we have loyally accepted, through these tragic 
years, the bonds of secrecy and submission to author- 
ity, we can not put aside with these our proper share 
in the new responsibility for the future of mankind, 
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which this war’s experiences have laid upon the men 
of good-will in all nations. It is true, indeed, that 
neither the present abuse of science, nor any: ‘possi- 
bility of final disaster to civilization, which might 
come of a future perversion of its powers, cam be 
charged as a fault to science itself; no more, indeed, 
than we could properly charge to religion, as such, 
the wars which once devastated much of Europe in its 
name. But we men of seience can not eseape from 
our growing share in the responsibility, in “the greater 
task,” as Mr. Churchill has written, “of direeting 
knowledge lastingly towards the purposes of peace 
and human good.” No man of science has the right 
to preseribe for another his interpretation in detail 
of that duty; but there is one aim which may unite us, 
perhaps for the most effective action within our com- 
mon grasp, and one which is worthy of all our com- 
mon influence and effort. Let me quote again from 
Mr. Churchill’s letter: “in this task,” he writes, “the 
scientists of the world, united by the bond of a'single 
purpose which overrides all bounds of race and lan- 
guage, can play a leading and inspiring part.” To 
build anew, and on a firm and broadening foundation, 
a world community in science, is surely an aim worthy 
of our utmost effort and devotion; but there can be 
no swerving from the present duty, and the call on 
science by war may yet be sterner, before we have 
won the freedom thus to work for the future of the 
world. 


THE SITE OF ANTIBODY FORMATION" 


By Dr. W. E. EHRICH and Dr. T. N. HARRIS 
UNIVERSITY OF PENNSYLVANIA 


EVOLUTION in seience is brought about by the dis- 
covery of faets and the elaboration of patterns into 
which these facts will fit. The earliest facts about the 
formation of antibodies discovered by Metschnikoff 
and others fitted well into the pattern of the reticulo- 
endothelial theory of antibody production. However, 
in reeent years additional fects have been brought 
to light whieh are diffieult to reconcile with this 
theory,’’? ** and we have recently presented new 
facts which seem to be inconsistent with the old con- 
cept.-® The latter lend themselves to the elaboration 
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of a theory which is consistent not only with the old 
facets but also with the new ones. This new pattern 
of antibody formation is the subject of the present 
presentation. 


Tue THEORY OF ANTIBODY 
ForRMATION 


The reticulo-endothelial theory of antibody forma- 
tion was widely accepted, undoubtedly because it 
seemed plausible that the cells which phagocytose and 
destroy bacteria should also be concerned with the syn- 
thesis of antibodies.* “It is chiefly this phagocytosis 


of formed antigens (erythrocytes, bacteria) which has « 


direeted the‘ attention to the retieulo-endothelium as 
the possible source of the antibodies.’”* 
There are two important arguments which have been 
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advaneed in support of this theory and which enjoy 
general consideration. One of these is based on the 
observation that the output of antibodies may be de- 
pressed through blockage of the reticulo-endothelium 
with phagocytotie material such as iron-sugar, india 
ink, trypan blue or collargol. In interpreting this 
tinding, it has been argued that the “blockade” acts by 
interfering with the phagocytic and digestive function 
of the macrophage, that this cell while engaged in 
digesting one colloid, could not well take care of an- 
other, and therefore could not produce antibodies. 
The phagocytie and digestive function of the macro- 
phage can not be questioned. But have we any proof 
for the contention that this function results in anti- 
body formation? Suppose that Bunting® 1° was right 
when he postulated that the micro- and macrophages 
merely destroyed living organisms, but were not in- 
~trumental in combating toxins or in manufacturing 
untitoxins whieh he thought were produced by the 
lymphoeyte. Or let us consider a modification of 
Bunting’s theory, namely, that the micro- and macro- 
phages merely break down formed antigen and thus 
prepare it for proper utilization by the lymphocyte 
or similar cells which ean take up only dissolved 
material. If these or similar views were correct, the 
results of the blockade experiments could be inter- 
preted differently. They could mean that blocked 
retieulo-endothelium could not prepare formed anti- 
sen for proper utilization by the antibody-forming 
cell. They eould signify as well that the stimulated 
macrophages ingested and destroyed the antigen so 
rapidly’? that its- effective contact with the antibody 
forming eell was greatly reduced. That the latter ex- 
planation should be considered is borne out by recent 
experiences with so-called adjuvants, i.e., oils which, 
when injected with the antigen, prolong antibody for- 
mation (Freund and Bonanto'). There is evidence to 
believe that this prolongation may be due to retention 
of antigen which, with the oil, is taken up by the 
macrophages and, because of the oil, is slowly broken 
down resulting in slow release and therefore more 
effective contact with the antibody-forming cell. 
The other important argument in support of the 
reticulo-endothelial theory to be discussed here is the 
one which was recently advanced by Sabin.** Using 
a dye-protein, this author noted that after phago- 
cytosis by the macrophage some of the dye was re- 
moved from each dye-protein aggregate, and after 
removal of the dye the protein particles were no 
longer visible. This was interpreted to mean “that the 
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protein has been rendered into soluble form and 
passed into the cytoplasm.” She further noted shed- 
ding of eytoplasm by the macrophage, which was 
“coincident with the time when the dye-protein is no 
longer visible within these cells, and when there are 
antibodies in the serum.” This was believed to be an 
anatomical expression of synthesis of antibody within 
the eytoplasm of the macrophage and expulsion by the 
cell of the finished product. 

Although Sabin’s theory has attracted the attention 
of many investigators, it should be clear that the facts 
upon which it was based were not new and may be 
interpreted differently. It should be noted, for ex- 
ample, that she did not use the dye-protein in the 
soluble form in which it had been prepared; but that 
she first made an alum precipitate, the particles of 
which were large enough to be readily visible. She 
thus produced aggregates resembling bacteria or other 
formed antigens, whieh were so large that they had to 
be engulfed by the micro- and macrophages, and split 
by the enzymes of these cells before the original char- 
acter of the antigen was regained. 

The process observed by Sabin is obviously the same 
as the phagocytosis and digestion of gram-positive or 
acid-fast bacteria which, since the days of Metsch- 
nikoff, have been seen by numerous investigators. 
What was observed was splitting of raw material; the 
synthesis of antibodies within the phagocytic cell was 
not seen but merely deduced. It is equally possible 
that the products which were expelled from the ecyto- 
plasm of this cell were split products of the alum pre- 
eipitate, rather than synthesized antibody. 

The shedding of cytoplasm was stated to be a char- 
acteristic of macrophages. Such shedding has, how- 
ever, been described and illustrated as a characteristic 
of lymphocytes'* and of myeloblasts and promyelo- 
eytes.1* It is generally known in thrombocytopoiesis.'° 
Moreover: “It was striking that it was not these 
(macrophages showing digestion) that presented the 
shedding phenomenon but rather those without visible 
dye-protein particles.”'* Also: “It should be made 
clear that this process of shedding has not been ob- 
served within the living animal, but only in living 
cells removed from the animal. When the omentum 
or a drop of peritoneal fluid is first mounted on a 
slide, all the cells are rounded, but on standing fer a 
short time the reaction of the shedding begins.’’” 
Similar phenomena are readily observed in supravital 
preparations of lymphocytes preceding their disinte- 
gration. 

The relevance of this discussion is best shown by 
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Sabin’s rather casual observation that the dye-protein 
combination was engulfed and digested by the poly- 
morphenuelear leucocytes as well as by the macro- 
phages. But here the observed fact is interpreted in 
a different way: the granulocytes “play a role in 
bringing the antigen into the macrophages.” This 
view will not be shared by many in the light of our 
knowledge of the numerous and vigorous enzyme sys- 
tems contained in these cells. 

We may say, then, that the observations of Sabin 
as well as the blockade experiments have added little 
to what was known to Metschnikoff 60 years ago. It 
has been merely shown once more that both the micro- 
and macrophages engulf and digest formed antigenic 
material and it has been revealed that proper blockade 
of the reticulo-endothelial system may interfere with 
this process. The products of digestion of the macro- 
phage, however, have not been identified. Indeed, 
there is no evidence to show that the antibodies are 
products of this digestion. 


Tue LympnHocytic THEORY OF ANTIBODY 
ForRMATION 


Paralleling the reticulo-endothelial theory but. ob- 
seured by it, a lymphocytic theory of antibody forma- 
tion has long existed. Bunting® 7° has always main- 
tained that antibodies are formed by the lymphocyte 
rather than the granulocyte or the macrophage. “The 
toxins (antigens) are apparently affixed by the lym- 
phoid eells. If in great intensity the toxins cause 
necrosis of lymphocytes; if in proper dilution, one 
finds not necrosis, but stimulation and proliferation, 
with the production of antibodies. I realize that all 
will not agree with me that the lymphocytic series of 
cells produees the antibodies, yet all the pathological 
evidence I can obtain inelines me to that view.”® That 
the polymorphonuclear leucocyte “does not play a 
part in antitoxic immunity seems to be indicated by a 
series of clinical observations which have been sum- 
marized in a general pathological law to the effect 
that no disease which runs its course with a neutrophil 
leucocytosis is followed by a lasting immunity.’’° 
Moreover, it was found that a high monocyte-lympho- 
eyte ratio indieated susceptibility to tuberculosis, 
while a high lymphocyte-monocyte ratio suggested re- 
sistance. “Considerable evidence both from infec- 
tions in human patients and in animals suggest that 
the percentage of lymphocytes gives an index of, the 
hosts’ resistance, particularly in chronic diseases where 
a relative or absolute lymphocytosis is often associated 
with repair and recovery.”2" - 

These and similar clinical and pathological observa- 

26 C, A. Doan and F. R. Sabin, Jour. Exp. Med., 52: 
113, 1930. 


17 W. H. Taliaferro and C. Kluever, Jour. Infect. Dis., 
67: 121, 1940. 


Vou, 101, No. 261) 


tions received experimental support first by Hektoen,! 
who showed that white rats exposed to x-rays revealed 
a decrease in hemolysin production, and that this was 
accompanied by a simultaneous reduction in the quan- 
tity of lymphatic tissue and bone marrow and in the 
number of circulating lymphocytes. 

The observations of Hektoen were extended by 
Murphy and Sturm,” who exposed rabbits to x-rays of 
sufficient intensity to reduce the amount of their lym- 
phoid tissue without damage to their bone marrow, 
and showed that a definite deficiency in the produc- 
tion of precipitins, bacterial agglutinins and protec- 
tive antibodies resulted. On the other hand, rabbits 
which they subjected to an exposure of dry heat in 
amounts sufficient to increase the activity of the lym- 
phatie tissue developed antibodies in larger quantity 
than did untreated animals. The effect of the x-rays 
on antibody formation could possibly be explained by 
blockage of the reticulo-endothelium, which was found 
to be. engorged with the remains of lymphoeytes. 
However, the response to heat could not be similarly 
explained because there was no evidence that dry heat 
had the slightest effect on macrophages. 

Meanwhile, other facts were discovered which were 
difficult to reconcile with the reticulo-endothelial 
theory. It was observed, for instance, that after doses 
of staphylococeus vaccine large enough to stimulate 
marked proliferation of reticulo-endothelial elements 
the antibody titer remained low, whereas with small 
doses which did not produce visible proliferation of 
these cells high titers were obtained.* In the same ex- 
periments, the rise in antibody titer in the serum was 
found to parallel the activity of the Malpighian bodies 
of the spleen,® the cells of which were found to be 
lymphoid cells rather than histiocytes.* 

The lymphocytic theory of antibody formation re- 
ceived new impetus through the experiments of Me- 
Master and Hudack,!* who showed conclusively that 
antibodies may be formed in lymph nodes. If two 
different antigens were injected, one into each ear of 
mice, the corresponding antibody appeared first in the 
lymph node of the same side. Fixation in the injected 
tissue or its regional lymph node as diseussed by 
Menkin’® was thus ruled out. \ 

The observations of McMaster and Hudack were 
extended by our experiments® which showed that the 
cellular response within the lymph node during anti- 
body formation is chiefly lymphocytic. The reticulo- 
endothelium in these experiments seemed to react in- 
dependently. When antigens were injected into the 
pad of the hind foot of the rabbit, antibodies first ap- 
peared 2 to 4 days after the injection in the iymph 

18 P, D. McMaster and 8. S. Hudack, Jour. Hap. Med., 
61: 783, 1935. 
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| draining the popliteal lymph node (the only node re- 


gional to the site of injection). They reached their 
highest titer after six days. In all experiments it was 
found that the antibody titer was higher in the efferent 


' lymph; in some cases the concentration was 100 times 


that found in the lymph of the afferent vessel. The 
production of antibody in the popliteal lymph node 
was preceded and accompanied by a rise in the output 
of lymphocytes in the efferent lymph which ranged 
from 15,000 to 20,000 per cu.mm. to 60,000 to 80,000 
per cu.mm. or more. At the same time hyperplasia 
of the lymphatic tissue within the node occurred re- 
sulting in some experiments in a weight increase of 
the node from 0.2 gm to 1.0 gm or more. These ob- 
servations lent little support to the idea that anti- 
bodies are direct products of reticulo-endothelial cells. 
The latter concept, in fact, is hardly consistent with 
the complex chain of events in the lymph node during 
the formation of antibodies as we have described it. 

In a-recent paper® we now have shown that, during 
antibody formation in the popliteal lymph node of 
rabbits, the lymphocytes in the efferent lymph vessels 
contain antibodies in a much higher concentration 
than the surrounding lymph. The ratio of titers 
amounted to from 8 to 16 in many instances. This 
observation seems to offer only two possible interpre- 
tations, that the lymphocyte either absorbs or adsorbs, 
or produces antibodies. Various in vivo and in vitro 
experiments® failed to show absorption or adsorption 
of antibody by the lymphocyte; nor was this idea sup- 
ported by the observations of MeMaster and Hudack**® 
or our previous experiments.5 On the other hand, it 
was noted that the ratio between lymphocyte titer and 
lymph plasma titer was greatest on the fifth day of the 
experiment, which was the time of greatest rate of 


‘ antibody formation in the lymph node. The average 


ratios of titers fell from 7 on the fifth day to 2.3 on 
the seventh day, in sheep erythrocyte experiments, and 
from 5 on the fifth day to 3 on the seventh day, in 
typhoid vaccine experiments. This observation is con- 
sistent with a primary appearance of antibodies 
within, or on the surface of, the lymphocyte, and in- 
consistent with what would be expected if absorption 
or adsorption took place. 
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It is true that the lymphocyte is a somewhat prosaic 
cell with no particularly striking morphologic char- 
acteristics. If stained with routine stains, the cyto- 
plasm seems to be singularly undifferentiated and un- 
specialized, especially when compared with that of 
the other white/cells of the blood.2° However, when 
studied while’ living it shows many interesting fea- 
tures, among which the refractile bodies of Gall** are 
the most intriguing. Moreover, lymphocytes contain 
a wealth of enzyme systems, which have been recently 
discussed by Barnes.?? 

It is also true that the lymphocyte does not phago- 
cytose and therefore can not absorb corpuscular mat- 
ter. But who can deny that it has the faculty of absorb- 
ing or adsorbing dissolved antigens or split products of 
particulate antigenic substances? In facet, if our rea- 
soning is correct, the lymphocyte goes into action only 
after the raw material, i.e., bacteria or other formed 
antigens, have been properly prepared by the action 
of miero- or macrophages. It seems that the poly- 
morphonuclear leucocyte and the macrophage as well 
as the lymphocyte may be instrumental in antibody 
production. It may be through the cooperation of all 
these elements that antibodies are produced. If this 
concept is correct, it becomes clear why blockage of 
the reticulo-endothelial system may or may not inter- 
fere with antibody formation. It is also obvious why 
the destruction of lymphocytes by x-ray produces a 
reduction in antibody formation and why the stimu- 
lation of lymphoeytopoiesis by dry heat induces an 
increase. 

SuMMARY AND CONCLUSIONS 


An attempt has been made to show that facts pre- 
viously regarded as evidence for the reticulo-endo- 
thelial theory of antibody formation may be inter- 
preted differently. Moreover, there are recent obser- 
vations which are difficult to reconcile, if not incon- 
sistent, with this pattern. However, the new observa- 
tions as well as the old facts seem to fit into another 
theory of antibody formation in which the lymphocyte 
and possibly the granulocyte as well as the macro- 
phage play an essential role. This theory is con- 
sistent also with the present concepts of the chemical 
reactions involved in antibody formation.?* ** 


OBITUARY 


CHARLES LE ROY GIBSON 


CHARLES LE Roy Gipson, associate professor of 
chemistry at the University of New Mexico, died at 
his home in Albuquerque on December 8, 1944. 

Dr. Gibson was born at Clovis, New Mexico, on 
February 19, 1911, where his father was an official 
of the A. T. & 8. F. Railway. He received his sec- 
ondary edueation in the Belen, New Mexico, high 


school. During his high-school days, following a trip 
of the Belen high school football team, on which he 


20C. K. Drinker and J. M. Yoffey, ‘‘Lymphaties, 
Lymph and Lymphoid Tissue.’’ Cambridge: Harvard 
University Press. 1941. 2 

21K. A. Gall, Amer. Jour. Med. Sci., 191: 380, 1936. 

22 J, M. Barnes, Brit. Jour. Exp. Path., 21: 264, 1940. 

23. Mudd, Jour. Immunol., 23: 423, 1932. 

24L, Pauling, D. H. Campbell and D. Pressman, 
Physiol. Rev., 23: 203, 1943. 
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played, he was stricken with poliomyelitis from which 
he recovered, but which left him unable to walk except 
with the aid of crutches. 

He entered the University of New Mexico in 1929, 
graduating with highest honors in 1933. After a year 
of teaching in a New Mexico high school, he became 
an assistant in chemistry at the University of New 
Mexico, and in nine years received repeated promo- 
tions, until at his death he was an associate professor. 
Studying during summer quarters and during a leave 
of absence, he earned the M.S. (1936) and the Ph.D. 
(1941) at the University of Colorado, his major work 
being in physical chemistry. 

Dr. Gibson was rated by all his students and by his 
colleagues on the faculty as an exceptionally fine 
teacher. Not only was he very brilliant himself, but 
he possessed the faeulty of making difficult academic 
subjects understandable to those less gifted. He com- 
manded the respeet and affection of every student who 
took his work. Shortly after Pearl Harbor, because of 
his ability in mathematies and physies, he was loaned 
by the chemistry department to teach physics in the 
pre-meteorology courses offered to army and navy 
students, for which work the university was signally 
commended by the Armed Forces. 

In the anxious days following the entry of the 
United States into the war, Dr. Gibson worked con- 
stantly, taking his first vacation in several years, be- 
ginning July, 1944. The last of October he became 
seriously ill with malignant hypertension, from which 
he died on December 8. 

Dr. Gibson is survived by his widow, Anna Vallevik 
Gibson, whom he married in August of 1944, and his 
mother, Mrs. Blanche Gibson, of Albuquerque. 

Dr. Gibson was a member of the Kappa Sigma 
fraternity and the honor societies of Phi Kappa Phi, 
Sigma Xi and Phi Beta Kappa. He was also a mem- 
ber of the American Association for the Advancement 
of Seience and the American Chemical Society. 

Joun D. CuARK 
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RECENT DEATHS 


PROFESSOR WILLIAM TRELEASE, professor emeritus 
of botany of the University of Illinois, died at the 
age of eighty-seven years on January 2. He was 
director of Shaw’s Botanical Garden, St. Louis, for 
twenty-three years before going to the University of 
Illinois in 1913. 


Dr. Paut M. Lixcoin, from 1922 until his retire- 
ment in 1937 with the title emeritus director of the 
School of Electrical Engineering of Cornell Univer. 
sity, died on December 20 at the age of seventy-four 
years. 


Dr. WILLIAM PINKERTON O17, since 1924 head of 
the department of mathematics at the University of 
Alabama, died suddenly on December 25. He was 
sixty-eight years old. 

Dr. WILLIAM FRANKLIN LONG, director of the astro- 
nomical observatory of Franklin and Marshall College 
at Laneaster, Pa., a member of the faculty for 
twenty-six years, died on January 1 at the age of 
seventy-three years. 


Dr. GeorGe T. Avery, professor of education at the 
Colorado State College of Agriculture and Mechanic 
Arts, formerly dean of the summer session and for 
the past two years director of training at the Joshya 
Hendy Iron Works, Sunnyvale, Calif., died suddenly 
on December 26 at the age of sixty-four years. — 


Miss Laura M. Lunpin, professor of physies an 
mathematics at Russell Sage College, Troy, N. Y., died 
on December 29 at the age of sixty-six years. 


Dr. James QO. RALLs, assistant professor of bio- 
logical chemistry of the School of Medicine of the 
University of Buffalo, of which he had been a member 
of the staff for the last seventeen years, died on De- 
cember 28. 


Sir JosepH A. ARKWRIGHT, bacteriologist at the 
Lister Institute for Preventive Medicine, London, died 
on November 22 in his eighty-first year. / 


SCIENTIFIC EVENTS 


GIFT TO THE UNIVERSITY OF CAMBRIDGE 
OF A COLLECTION OF SCIENTIFIC 
INSTRUMENTS AND BOOKS 


AN exhibition of historie scientific instruments and 
books, presented by R. S. Whipple to the University 
of Cambridge, is deseribed in The Times, London, as 
follows: 


The colleetion is notable for its range and variety as 
well as its representative examples of fine craftsmanship 
from those centers in all countries where science flourished 
for nearly four centuries. Among astronomical instru- 
ments shown are astrolabes, nocturnals, and a remarkable 


collection of sundials of various shapes, sizes and mate- 
rials by English and Continental makers from the six- 
teenth century onwards. Refracting and reflecting tele- 
scopes “are well represented, and a feature of thie 
exhibition is a Newtonian reflecting telescope in perfect 
condition made and used by Sir William Herschel, wit! 
8-inch speculum mirror of 10-foot focal length, together 
with a finder telescope and a complete set of eye-pieces. 
The instrument was presented to the present collection for 
Cambridge by the late Howard Marryat. 

The collection of microscopes contains examples of each 
important type from the times of Robert Hooke and 
Leeuwenhoek to the end of the last century and is a re 
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markable exhibit. Among other exhibits are numerous sur- 
veying, mathematical and physical instruments, scales and 
weights, and a case of miscellaneous optical instruments 
containing an ingenious walking-stick and umbrella 
complete with telescope, spy-glass, compass, microscope, 
thermometer and sundial, c. 1860. Among the 1,500 
volumes of books are first editions of the works of Gilbert, 
Bacon, Galileo, Boyle, Hooke, Newton, Darwin and other 
scientifie classics. 


Mr. Whipple made the formal presentation of his 
collection to the university at a ceremony held in the 
Regent House on November’ 4 at which the vice-chan- 
cellor, who received the gift, on behalf of the univer- 
sity, presided, The presentation was followed by the 
opening of the exhibition of the collection by Sir 
Henry Dale, O.M., president of the Royal Society. 
He emphasized the importance of the study of the 
history of science, not only by scientists who needed 
to appreciate the human side of their work, but also 
by those who read classics, history and theology. Sir 
Henry Dale said that he hoped that Cambridge would 
take steps to make the Whipple Collection the nucleus 
of a History of Science Museum and Library, which 
at first with a reader-eurator and later a chcir would 
become a vital center of university study and research. 


THE TEXAS ACADEMY OF SCIENCE 

THE Texas Academy of, Science met in Galveston 
on November 9, 10 and 11, with the Medical Branch 
of the University of Texas as hosts. Over three hun- 
dred members were registered and all sessions were 
well attended. The sections on biology and medicine, 
geography and geology, conservation and the social 
sciences met at the same time as the junior and col- 
legiate divisions that had their own pregrams. 

There were eighty-eight papers on the program and 
several symposia. The general subjects of the sym- 
posia were: Conditions of Health on the Texas Coast 
Area (11 papers), Utilization of Natural Resources of 
the Coastal Area (8 papers) and Biology of the Can- 
cer Cell (8 papers). Smaller groups covered proc- 
esses of ageing in tissues and organs, international 
education and the geology of the coastal area. Two 
of the symposia will be published in the Transactions 
and the abstracts of all papers will be printed. 

The evening sessions were of general interest and 
included an address on “Creative Engineering” by the 
retiring president, Professor W. H. Woolrich, dean of 
engineering at the University of Texas; “The Con- 
servation. of Human Resources,” by Dr. Homer P. 
Rainey; “The. Rise of Paricutin,” by Professor F. M. 
Bullard, who has lived with the voleano for many 
months, and a color film of invertebrate life in the 
Gulf of Mexico as a prelude to the discussion of a bio- 
logieal station for this coast. 


SCIENCE 33 


There were special exhibits of old and rare texts 
of medical history, seientifie poetry, scientific illustra- 
tion and two difficult physiological preparations. 

The new officers will serve under the presidency of 
Dr. Walter P. Taylor, of College Station, Texas. 

At the final business session, the academy took a 
strong stand for the betterment of scientific education 
in the secondary schools of Texas and also gave its 
support to academic freedom in higher education. 


THE NEW HAMPSHIRE ACADEMY 
OF SCIENCE 


THE twenty-fourth annual meeting of the New 
Hampshire Academy of Science was held in the 
Assembly Room of the New Hampshire Historical 
Society, Coneord, N. H., on November 3 and “4, 1944. 

At the Friday afternoon meeting, ten papers were 
presented by members, covering a wide range of sci- 
entifie subjects. On Saturday morning two additional 
papers were presented, concluding the strictly seien- 
tifie phase of the meeting. 

On Friday evening, Mr. Jacob Freedman, of the 
Geological Survey, presented a lecture illustrated with 
kodachrome slides entitled “Alaska To-day.” Mr. 
Freedman has but recently returned from his season’s 
work in Alaska, where he carried on important geolog- 
ical investigations. 

At the annual business meeting on Saturday morn- 
ing, the seeretdry summarized the activities of the 
couneil since the last meeting of the academy at the 
University of New Hampshire in November, 1941. 
Earlier in 1944 the council had voted to recommend 
that the American Association for the Advancement 
of Seience awerd their grant-in-aid to Miss Mabel 
Turner, of Antrim, to assist in defraying expenses 
in eolleeting and preparing herbarium specimens for 
her study on the flora of Hillsboro County, N. H. 
The council, earlier in 1944, had authorized also a 
second reprinting of one thousand copies of the popu- 
lar Bulletin 1, “Geology of the Presidential Range,” 
by Richard Goldthwait. | 

The following officers were elected for 1944-45: 
President, Professor Thomas G. Phillips, University 
of New Hampshire; Vice-president, William W. 
Bowen, Dartmouth College; Secretary-Treasurer, Pro- 
fessor A. R. Hodgdon, University of New Hampshire ; 
Member of the Council, Professor Guy Williams, 
Colby Junior College, for a four-year term. 

The final part of the program was the address of 
the retiring president, Professor Guy Williams, of 
Colby Junior College, which was entitled “Science 
in Post-War Education.” 

A. R. Hopepon, 
Secretary-Treasurer 
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GRANTS OF THE SUGAR RESEARCH 
FOUNDATION 

GRANTS have been made by the Sugar Research 
Foundation, New York City, to the following: 

Dr. L. Emmett Holt, Jr., department of pediatrics, 
the Johns Hopkins University School of Medicine, 
Baltimore, for studies relating to synthesis of B vita- 
mins by bacteria in the human intestinal tract, with 
special reference to the influence of various carbo- 
hydrates. 

Dr. Andrew P. van Hook, department of physical 
chemistry, Lafayette College, for study of the kineties 
of sucrose crystallization. 

Dr. James M. Neill, department of bacteriology and 
immunology, Cornell University Medical College, New 
York, for investigation of traces of serologically ac- 
tive polysaccharides in sugar. 

Dr. Curt P. Richter, psychobiologie laboratory, the 
Johns Hopkins University, for investigation of nutri- 
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tive values of soft and raw sugars and of the earbo- 
hydrate-thiamine ratios taken by rats allowed free 
selection of all required nutrients. 

Dr. John Haldi, department of physiology, School 
of Medicine, Emory University, for study of blood 
sugar levels in human subjects following high protein 
and high carbohydrate meals of isocalorie value. 

Dr. William V. Cruess, chief, Fruit Produets Divi- 
sion, Agricultural Experiment Station, University of 
California at Berkeley, for study of sugar in the quick 
freezing of fruit products. 

Dr. Carl W. Borgmann, Engineering Experiment 
Station, University of Colorado, for pilot plant pro- 
duction of d-fructose (levulose) from suerose and in- 
vestigation of methods for separating dextrose and 
levulose. 

These grants bring to more than a quarter of a 
million dollars the amount appropriated by the foun- 
dation during the year 1944. 


SCIENTIFIC NOTES AND NEWS 


THE presentation of the Perkin Medal? of the Society 
of Chemical Industry to Dr. Elmer K. Bolton, chem- 
ieal direetor of E. I. du Pont de Nemours and Com- 
pany,-in recognition of “his outstanding accomplish- 
ments in the field of industrial research,” took place 
on the evening of January 5. The medal was pre- 
sented to him by Dr. Marston T. Bogert, professor 
emeritus of chemistry of Columbia University and 
senior past president of the society. In accepting the 
medal Dr. Bolton said: “I am deeply conscious of the 
fact that any credit for research accomplishments with 
which I have been connected belongs to the organi- 
zations of able research chemists with whom it has 
been my privilege to be associated. As their repre- 
sentative, I am happy to accept this award because, 
in honoring me, you honor them.” Dr. Norman A. 
Shepard, chairman of the American section of the 
society, presided at the dinner. Dr. C. M. A. Stine, 
a vice-president of the du Pont Company, who was 
awarded the Perkin Medal in 1940, discussed Dr. 
Bolton’s professional accomplishments, and Lammot 
du Pont, chairman of the board, spoke of the personal 
side of Dr. Bolton’s career. 


Tue presidents of the Royal Society and of the 
Royal College of Physicians have awarded the Con- 
way Evans Prize to Sir Thomas Lewis, F.R.S., “for 
his great contributions to medical knowledge on the 
working of the heart and circulation.” This prize is 


given from time to time for scientific work of out- 
standing distinction and this is only the fourth ocea- 
sion of its award since it was endowed in 192£ in 
accordance with the will of the late Dr. Conway 


1 Science, December 1, 1944, p. 491. 


Evans. Previous reeipients of the prize are Sir 
Charles Sherrington (1927), the late Dr. J. B. S. Hal- 
dane (1933) and Sir Gowland Hopkins (1938). 


THE Buckston-Browne Prize for 1944 of the Har- 
veian Society of London, for an essay on the uses and 
abuse of sulphonamides, has been awarded to Dr. 
A. C. Frazer, professor of pharmacology at the Uni- 
versity of Birmingham. 


Dr. Epwarp W. Berry, professor emeritus of pale- 
ontology of the Johns Hopkins University, has been 
elected for 1945 president of the Geological Society of 
America. 


Dr. J. SHELTON Horsey, surgeon-in-charge of St. 
Elizabeth’s Hospital, Richmond, Va., has been elected 
a corresponding fellow of the Medical Society of 
London. This society was founded by John Coakley 
Lettsom in 1773. It is the oldest institution of its 
kind in England. Dr. Horsley, who last May was 
awarded an honorary degree of doctor of science from 
the Medieal College of Virginia, has been president of 
the Virginia Academy of Science, the Southern Med- 
ical Association, the Medical Society of Virginia and 
the Richmond Academy of Medicine. 


Orricers for the current year of the Oregon Acad- 
emy of Science are J. S. McGrath, President; Stan- 
ley Jewett, President-elect; A. L. Strand, Past-presi- 
dent; R. R. Huestis, Treasurer, and F. A. Gilfillan, 
Secretary. Other members of the council are J. A. 
Maenab and G. V. Copson, biology; E. G. Locke and 
Joseph Schulein, chemistry, and Warren D. Smith and 
I. 8. Allison, geology and geography. The third an- 
nual meeting of the academy will be held in the Publi 
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Library Building, Portland, Ore., on January 13. In 
addition to a general program, there will be section 
meetings in biology, geology and geography, and 
chemistry. 

THE Institute of Medicine of Chicago has elected 
the following officers for 1945: Honorary Chairman 
of the Board of Governors, Dr. Ludvig Hektoen; 
Chairman of the Board of Governors, Dr. William F. 
Petersen; President, Dr. William C. Danforth; Vice- 
president, Dr. Daniel J. Glomset; Secretary, Dr. 
George H. Coleman; Treaswrer, Dr. Grant H. Laing, 
and Chairman, Committee on Admissions, Dr. Bow- 
man C. Crowell. Dr. Selim W. MeArthur has been 
elected a member of the Board of Governors for a 
term of five years. 


OFFICERS elected at the annual meeting held in New 
York on December 16 of the Association for Research 
in Nervous and Mental Disease are President, Wil- 
liam G. Lennox; Vice-presidents, H. Houston Merritt 
and Wilder Penfield, and Secretary-Treasurer, Thomas 
EK. Bamford, Jr. It was voted to center the program 
for the meeting a year hence on the subject of epilepsy 
and convulsive disorders. 


Dr. Epwarp C. Eu.iort, president of Purdue Uni- 
versity since 1922, will retire under the age limit on 
June 30. 


Dr, LAwRENCE W. DurRELL, herd, of the depart- 
ment of botany and plant pathology of Colorado 
State College of Agriculture and Mechanic Arts, has 
been appointed dean of the Science Division. The 
appointment is to take effect on July 1. Junius L. 
Forsberg, assistant professor of botany and plant 
pathology, will become research pathologist for the 
Illinois Natural History Survey at Urbana, IIl. 


At Columbia University, Dr. Robert C. Darling has 
been appointed associate professor of medicine; A\l- 
fred Gellhorn, of the Carnegie Institution of Washing- 
ton, assistant professor of pharmacology, and David 
Weinman, of the Harvard School of Public Health, 
assistant professor of parasitology. 


Dr. Lyte R. Dawson, professor of chemistry on 
leave from the Louisiana Polytechnic Institute, has 
become head of the department of chemistry of the 
University of Kentucky, succeeding Dr. L. L. Quill. 
For the last year Dr. Dawson has been the supervisor 
of a group of chemists in war research work in the 
metallurgical laboratory of the University of Chicago. 


THE University of Chicago has made the following 
changes in the administration of the Division of the 
Biological Sciences, which includes the School of Med- 
icine. Dr. R. W. Harrison, professor of bacteriology 
in the Walter G. Zoller Memorial Dental Clinie and 
the department of bacteriology and parasitology, has 
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been appointed dean. Dr. A. C. Bachmeyer continues 
to be associate dean and director of the University 
Clinics. Until 1946, however, he will spend part of 
his time as director of study for the Commission on 
Hospital Care. Dr. Thomas Park, associate professor 
of zoology, has been appointed associate dean. The 
former dean, Dr. William H. Taliaferro, Eliakim 
Hastings Moore distinguished service professor of 
parasitology, has been appointed adviser to the presi- 
dent in the biological sciences. He continues to serve 
as chairman of the department of bacteriology and 
parasitology. Dr. B. C. H. Harvey, formerly dean 
of students in the Division of Biological Sciences and 
acting dean of students during the past year, has 
retired, and Dr. F. J. Mullin, assistant professor of 
physiology, has been appointed assistant dean of 
students. 


Dr. Henry CuiFrorp Darsy, fellow of King’s Col- 
lege, Cambridge, and lecturer in the department of 
geography of the university, has been appointed to 
the John Rankin Chair of Geography. 


Dr. R. G. D. Aten, British director of statisties 
of the Combined Production and Resources Board at 
Washington, who has been in the United States on 
government service since 1940, has been appointed to 
the chair of statistics at the University of London. 


Henry W. Nicuo.s, chief curator of the depart- 
ment of geology’ of the Chicago Natural History Mu- 
seum, retired on account of ill health on December 31, 
after serving for fifty years. Mr. Nichols, who is in 
his seventy-eighth year, joined the staff in 1894 as 
curator of economic geology. From 1897 to 1921 he 
was assistant curator of geology; from 1921 to 1933, 
associate curator; from 1933 to 1936 curator of geol- 
ogy, and from 1936 chief curator. He has conducted 
sixteen expeditions in North and South America for 
the museum, collecting a wide variety of geological 
material. Dr, Paul O. MeGrew has been appointed 
acting chief curator of the department. 


At the National Bureau of Standards, Dr. Curtis 
J. Humphreys has been appointed chief of the section 
of radiometry of the Opties Division, in succession to 
Dr. William W. Coblentz, who retired on November 
30 after serving for nearly forty years. 


F. WaGNER SCHLESINGER, director of the Fels 
Planetarium in Philadelphia, has been appointed 
director of the Adler Planetarium in Chicago. 


Watpo E. who has recently been engaged 
in hydrological work with the Public Roads Adminis- 
tration, Washington, D. C., has been appointed to the 
newly established position of exeeutive secretary of 
the American Geophysical Union. 
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Nature reports that the Secretary of the Depart- 
ment of Seientific and Industrial Research has made 
the following appointments at the British National 
Physical Laboratory: W. F. Higgins, secretary of the 
laboratory, has been appointed superintendent of the 
Division of Physies following a considerable period 
after the death of the late Dr. G. W. C. Kaye, in which 
he has been aeting in that capacity; Dr. G. A. Hankins 
has been promoted to the superintendency of the Engi- 
neering Division of the laboratory to fill the vacancy 
caused by the resignation of Dr. 8. L. Smith; E. S. 
Hiseocks, of the Raw Materials Department, Ministry 
of Supply, and previously of the Department of the 
Government Chemist, has been appointed seeretary of 
the laboratory in succession to W. F. Higgins. 


Aprer nearly two years in China, Dr. Joseph Need- 
ham, director of the British Council Cultural Scientific 
Office in China, has returned to Great Britain for econ- 
sultations. He will go back to China early this year. 


Dr. A. G. H. Smart, medical adviser to the Secre- 
tary of State for the British Colonies, has been ap- 
pointed representative of the United Kingdom on the 
Far Eastern Subcommittee on Health of the UNRRA. 


Dr. Jacguges Rousseau has become director of the 
Montreal Botanical Garden to sueceed Professor Ma- 
rie-Victorin, who was accidentally killed last summer. 


Dr. G. M. Sco wartz, professor of economic geology 
at the University of Minnesota, has been on leave since 
June 15 for an investigation of various types of cop- 
per deposits for the U. 8S. Geological Survey. He has 
spent most of the time in Colorado and Arizona direet- 
ing the exploratory work on porphyry ores. He re- 
turns to the University of Minnesota this month. 


LECTURES are announced ‘by the Chapter of the 
Soeiety of Sigma Xi of Louisiana State University: 


- On March 3 by Dr. G. W. Beadle, professor of biology 


at Stanford University; on March 19 by the Reverend 
Dr. James B. Macelwane, director of the Institute of 
Geophysies of St. Louis University, and on April 5 
by Dr, Peyton Rous, member of the Rockefeller In- 
stitute for Mediéal Research. 


CoLonEL Ricwarp P. Strone, director of tropical 
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medicine at the Army Medical School, Washington, 
D. C., delivered a lecture entitled “The Importance of 
Keological Investigations in Tropical Medicine in the 
Present War” before the annual meeting on December 
16 at San Juan of the Medical Association of Puerto 
Rico. 


Ir is announced that requests to the Committee on 
Research in Endocrinology of the National Research 
Council for aid during the fiscal period from July 1, 
1945, to June 30, 1946, will be received until February 
28. Application blanks may be obtained by address- 
ing the Division of Medical Sciences, National Re- 
search Council, 2101 Constitution Avenue, Washing- 
ton 25, D. C. In addition to a statement of the prob- 
lem and research plan or program, the committee de- 
sires information regarding the proposed method of 
attack, the institutional support of the investigation 
and the uses to be made of the sum requested. No part 
of any grant may be used by the recipient institution 
for administrative expenses. Applications for aid in 
endocrine research on problems of sex in the narrower 
sense can not be given favorable consideration, but 
the committee will consider the support of studies on 
the effects of sex hormones on non-sexual functions— 
e.g., on metabolism. 


THROUGH a grant from the Rockefeller Foundation 
there have been established at the Cornell University 
Medical College“and The New York Hospital “The J. 
Whitridge Williams Assistantships in Obstetries and 
Gynecology,” specifically designed for post-war train- 
ing of a selective group that military service has 
deprived of advanced training comparable to that pos- 
sible in the pre-war period. Lieutenant William F. 
Finn, U.S.A., M.C., has been awarded one of these 
assistantships. 


A airt of $100,000 for a new building for the Col- 
lege of Pharmacy of Drake University, Des Moines, 
Iowa, has been made by the F. W. Fitch Company 
in recognition of the need for better facilities for 
training in the profession of pharmacy. The build- 
ing will be constructed as soon as possible after mate- 
rial and labor are available and wartime restrictions 
permit. 


DISCUSSION 


SCURVY IN THE PARRY EXPEDITION 
OF 18191 
TuHatT tensile strength of surgical wounds is influ- 
enced adversely by the degree of vitamin C deficiency 
has been well established experimentally by Lanman 
and Ingalls? and others. Empirical observations to 


iW. E. Parry, ‘‘ Journal of a Voyage for the Discovery 
of a Northwest Passage,’’ London, 1821. 


the same effect had been made in Hamilton’s “Sur- 
gery” in 1865.* 

The earliest recorded detailed clinical observation 
of impairment of wound healing in seorbutie patients, 
we believe, is in the “Journal of a Voyage for Dis- 


2T. H. Lanman and T, H. Ingalls, Ann. Surg., 105: 
616, 1937. 
3A. J. Lorenz, Jour. Am. Diet. Assn., 20: 7, 432, 1944. 
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covery of a Northwest Passage” published in London 
in 1821. It is the report of the Polar Expedition of 
the Hecla and Griper, sent out by the British Ad- 
miralty and Board of Longitude in 1819-20 under 
command of Lieutenant William Edward Parry, R.N., 
F.R.S. Three surgeons, Drs. John Edwards, chief, 
Alexander Fisher and Charles James Beverly, assis- 
tant surgeons, accompanied the expedition and were 
placed in full charge of the food and sanitation as 
well as medieal supplies of the two ships. 

Reeorded in the Hecla’s log on Thursday, November 
18, 1819, six months after the expedition had set sail 
from England: 


About this time our medical gentlemen began to remark 
the extreme difficulty with which sores of every kind 
healed. 


Again on February 7, 1820, this entry by Lieutenant 
Parry is found: 


As we were now, however, approaching the coldest part 
of the season, it became more essential than ever to use 
the utmost caution in allowing the men to remain for any 
length of time in the open air, on account of the injury 
to their general health, which was likely to result from the 
inactivity requisite to the cure of some of the most trifling 
frost-bites. Mr. Edwards has favoured me with the fol- 
lowing brief account of such cases of this nature as oc- 
curred on board the Hecla:-— 

‘‘The majority of the men who came into the sick-list in 
consequence Of frost-injuries during the severity of the 
winter, suffered mostly in their feet and especially in their 
great toes;—few cures were effected without the loss of 
the nail and cuticle in which the vital power was invariably 
destroyed. The exfoliation of these dead parts was al- 
ways slow, and often attended with small ulcerations at 
the extremity of the toe.’’ 


Two months before, the lemon juice ration had been 
reduced to of an ounce per man per day as a result 
of an aecident to the expedition’s major supply of 
bottled lemon juice. Ample antiscorbutic provision 
for the estimated two-year expedition had been made 
before setting sail. 

My volume of Lieutenant Parry’s Journal, which 
I fail to find listed in Hess’s “Seurvy, Past and 
Present” or in any other bibliographies on historical 
records of scurvy, also contains a separate report by 
the ship’s surgeons on the “State of Health and Dis- 
ease of the Voyage.” 

Prefacing an autopsy report on the only fatality of 
the expedition, Surgeon Edwards states: 


A solitary ease of diseased lungs occurred during this 
voyage, which, in its progress, was combined with scorbutic 
symptoms. 


Sinee clear-cut autopsy reports on scorbutic sub- 
jects are relatively rare in the earlier literature, a 
more detailed account will be presented by the writer 
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in a contemplated paper reviewing other aspects of 
this expedition. 
A. J. LORENZ, 
Director, Nutrition Research 
CALIFORNIA Fruit GROWERS EXCHANGE, 
Los ANGELES 


PURE SCIENCE 


SUPPLEMENTING John M. Pearson’s criticism’ of 
Alexander W. Stern’s note, “The Threat to Pure 
Scienee,”’? since all sciences, apart from abstract 
mathematies, deal with material units of varying de- 
grees of complexity in structure and behavior, does 


it not savor of priggishness to assume that “pure” 


sciences have a separate existence? The sciences con- 
stitute a vast interrelated mass of orderly arranged 
knowledge of natural phenomena, and it is high time 
that we should break down fictitious, pedagogical bar- 
riers separating them. 

Beginning with recorded observations of the heav- 
enly bodies, the science cf astronomy recognized 
mathematically expressed “laws” (Kepler), an ex- 
planation of these laws with the aid of the newly 
developed caleulus (Newton), and certain deviations 
from them (Einstein), based on the application of 
the recognized philosophical principle that all knowl- 
edge is relative, including even physical measurements. 
In 1868, Lockyer discovered helium in the sun with 
the aid of the spectroscope, but not until 1895 did 
Ramsay isolate it on earth from the mineral clevite; 
and modern astronomy Jeans heavily on physies and 
chemistry. From ancient times, astronomical know]l- 
edge served to guide travelers on land and sea; the 
invention of the chronometer by the mechanician, John 
Harrison, of the gyroscope compass by Elmer Sperry 
and the caleulation of the “Ephemeris” are among the 
many gifts of other sciences to the science and art 
of navigation. Where does “pure” astronomy begin 
and end? Physies is learning from it of states of 
matter not yet producible by man. 

Mr. Stern, a physicist, seems opposed to “profes- 
sionalization.” In physics, he says, this “will com- 
pletely destroy freedom in science.” In medicine, “the 
great majority of practitioners, being professional 
men, have neither time nor inclination to engage in 
research. Furthermore, as professional men they have 
no interest in pure science. Not until a scientific dis- 
covery or advance has gotten to the stage where they 
can use it, does it concern them. And then they are 
only concerned with its use and not with the scientific 
principles involved.” 

While in most sciences basic and spectacular ad- 
vances are scored by a few, the success of these 
pioneers is facilitated by the painstaking work of 


1 Scrence, No. 2604. 
2 ScrencE, No. 2599. 
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many mute inglorious Miltons, and even by the work 
of other famous men. Dr. William Beaumont laid a 
basis of our understanding of digestion by his obser- 
vations on Alexis St. Martin, who had a stomach 
fistula due to a wound. The astounding Leonardo da 
Vinci aided anatomy and physiology by his precise 
observations and drawings. Scientific principles 
emerged from attempts to understand and explain ob- 
servations. There is usually a delay in their emer- 
gence, and they may be modified by later knowledge. 

“Pure” science is no quintessence which can be sub- 
limated from the mass of observed facts without de- 
stroying or garbling the truth. Most scientific “laws” 
have exceptions, and the duty of scientists is to take 
broader rather than narrower views, so as to under- 
stand the very real coherence of natural phenomena, 
whether the knowledge is immediately useful or not, 
and irrespective of the calling (business, trade, pro- 
fession) of the observer or explainer. Mr. Stern 
should be proud to be a professional man, for this 
term is applied to the more learned callings (theology, 
law, medicine, physies, chemistry, engineering), where 
some form of diploma or license from a competent 
examining body is generally demanded to protect the 
public, employers and other professional men from 
imposters and incompetents. Scientists know how to 
gauge and to classify their diverse fellows, and do so 
successfully. 

As I understand the views of the British Society 
for Freedom in Seience, it opposes the domination 
of seientifie thought and activities by any group, espe- 
cially through legislation framed by well-meaning but 
unscientific, warped or ineompetent politicians who 
would regiment scientists. Despite the assertion of 
Lord Stamp, men of science are often “on top” as 
well as “on tap.” Donald Nelson is a chemist; so is 
James B. Conant, and so was Charles Eliot,his prede- 
cessor as president of Harvard. Karl T. Compton 
and R. A. Millikan are physicists. Antoine Lavoisier, 
Benjamin Franklin and Benjamin Thompson (Count 
Rumford) are examples of what scientists have done 
in the field of polities. Men tend to gravitate to the 
positions where they are most useful. The great and 
inereasing importance of science is opening many 
doors to those scientifically trained, especially if their 
training has been broad and human. 

JEROME ALEXANDER 

New York, N. Y. 


I sHovLD like to diseuss briefly some of Dr. Pear- 
son’s comments on my paper, as it concerns the nature 
of science. At a time when there is some cause for 
apprehension concerning the future of science it is 
essential to know what it is we are talking about. Dr. 
Pearson states that “one would conclude that Mr. 
Stern considers that ‘pure science’ is only metaphysics 
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and excludes experimental and perhaps even theoreti- 
cal science, if it is useful.” I would no more consider 
pure science to be metaphysics than Dr. Pearson would 
consider applied science to be applied metaphysics, 
But I do state that science has nothing to do with use- 
fulness. A scientific theory may be verified in the 
laboratory and not put to use thereafter, and it would 
still be part of the accepted body of science. And 
then there is the science of astrophysics, or would Dr. 
Pearson ¢all it metaphysics? 

Dr. Pearson has also stated that “the nature of 
science is the very essence of the practical.” Does he 
believe that the researches of Faraday and Maxwell 
would lose any of their scientific value if no use were 
made of them? Does the scientific validity of tlie 
Bohr-Heisenberg Uncertainty Principle depend ulti- 
mately on whether some gadget can be made embody- 
ing this principle? Will the experimentally esta- 
lished phenomena of the fissure of uranium beeome 
part of science only when it is taken out of the labo- 
ratory and its principles incorporated in some rocket 
bomb? On the contrary, there is some justification 
for the belief that the growing socialization of science 
involves serious dangers to it. One must be alert and 
guard against scientific research degenerating iato 
rubber, oil, textile, military—research. Such routine 
industrial research would ultimately destroy the ad- 
venture that is science. Fundamental investigations 
such as on the nature of the elementary particles, the 
relationship between field and matter, relativity and 
the universe, the study of extremely high energy par- 
ticles in cosmic rays, the question of the production of 
multiple showers in one elementary act—would recede 
to the background. The pure science of physics whose 
study gives us a deeper insight and understanding of 
the ultimate constituents of the universe—matter and 
energy—may disappear. The desire to get at the 
nature of things would give place to the desire to 
make “better things.” Thus, the age of scientific en- 
lightenment and culture may be succeeded by an age 
of technology, where comfort replaces culture, and 
mankind replaces man. Science must be kept free, 
not beeause of the material comforts and riches if, will 
bring us—that technology can do—but for the very 
preservation of our civilization. 

ALEXANDER W. STERN 

BROOKLYN, N. Y. 


CEMENTING SINO-AMERICAN FRIENDSHIP 


In July, 1942, I published in Scrence under this 
same title the suggestion that scientists save unwanted 
reprints for eventual use in rehabilitating destroyed 
Chinese libraries after the war. The next month in 
the same periodical Wayne M. Hartwell, executive 
assistant to the Committee on Aid to Libraries in War 
Areas of the American Library Association, offered to 
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assist in earing for reprint material dedicated to this 
use which the donors were themselves unable to store 
until after the war. This committee is especially con- 
cerned with the receipt of full and partial sets of 
periodical literature for all war-torn libraries, but is 
in full aceord with my suggestion concerning the sav- 
ing of unwanted reprint material, especially for Chi- 
nese libraries. Several organizations and many indi- 
viduals are working toward this same general objec- 
tive of anticipating the needs for reconstruction of 
libraries in the devastated areas. The greatest ob- 
stacles in their programs seem to be the lack of present 
storage space and of personnel to handle the aceumu- 
lating material. These difficulties are slowly being 
overcome, but as yet there are only limited facilities 
for receiving material, except where the donor is faced 
with the choice of turning it in for the post-war recon- 
struction program or for the current waste paper col- 
lection. It is, however, hoped that there will soon be 
an extensive drive for literature for this purpose, and 
it is in this connection and with the approval of the 
present executive assistant, Dorothy J. Comins, of the 
above named committee of the American Library Asso- 
ciation with offices at the Library of Congress, and of 
Charles H. Brown, the chairman of their Committee 
on the Orient and Southwest Pacific, that I am issuing 
this reminder of the need for saving reprint literature. 

Daily reports of bombing, burning and looting on 
the far-flung battle-fronts give strength to our worst 
fears of wide-spread destruction of valuable libraries. 
Thus the future-demand for reprints, both currently 
appearing and of earlier date, is sure to be urgent and 
all should anticipate the need. Besides the demands 
from war-destroyed libraries we may justly anticipate 
the similar needs of new institutions which are being 
established and which will be built after the war with 
an ever-increasing crescendo as a result of the war- 
time stimulus toward scientific development. Although 
current scientific and technical periodicals are being 
purchased and laid aside for the reconstruction pro- 
gram, it is impossible to provide for all needs even 
in the near future. Hence, some destroyed libraries 
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will weleome reprint material to represent the serials 
of which they will be unable to obtain full sets. Of 
course one should not confine one’s efforts to saving 
only reprint literature, for all worthy periodicals and 
separate books will be needed. Broken sets of serials, 
and those which have been partially mutilated by re- 
moval of articles of special interest, can be used in 
completing other partial sets. Reprints are often con- 
sidered by their owners as so specialized that, unless 
they are of immediate interest, they may as well be 
thrown away. A comprehensive program of collecting 
and distributing literature, such as is projected, will 
lead to their eventual arrival where they can be of 
value. Hence scientists should continue to save their 
unwanted literature for the peace-time reconstruction 
of war-torn libraries until they can be gathered to- 
gether and properly handled in a coordinated pro- 
gram. 


Eapert H. WALKER 
SMITHSONIAN INSTITUTION 


AMERICAN SOCIETY OF PARASITOLOGISTS 


THE report of the meeting of the Cleveland meeting 
of the American Association for the Advancement of 
Science which was published in the October 27 issue 
of ScreNcE erroneously stated (page 270) that the 
American Society of Parasitologists canceled its entire 
meeting. The society canceled its sessions at which 
general papers were scheduled to be read, but con- 
tinued with its symposium on “Parasitology in Rela- 
tion to the War” which it held jointly with the Amer- 
ican Society of Zoologists and the Section on Medical 
Sciences. The program of this symposium is given in 
full in the report of the Cleveland meeting. 

Following the symposium, the American Society of 
Parasitologists held a general business meeting, at 
which Asa C. Chandler, Rice Institute, was elected 
president for the year 1945 and Donald L. Augustine, 
Harvard University, was elected vice-president for the 
same term. 

F. R. Movtton, 
Permanent Secretary 


SCIENTIFIC BOOKS 


TABLES OF BESSEL FUNCTIONS 


A Guide to Tables of Bessel Functions. By Harry 
BATEMAN and RAYMOND CLARE ARCHIBALD. Vol. 1, 
No. 7, July, 1944. 104 pp. of Mathematical Tables 
and Other Aids to Computation, published by the 
National Research Council, 2101 Constitution Ave., 
Washington, D.C. Special Number, $1.75. 


BEGINNING in January, 1943, the National Research 
Council started the publication of a quarterly journal 


edited by the Committee on Mathematical Tables and 
Other Aids to Computation. This publication is in- 
tended as a clearing house for information concerning 
mathematical tables and other computational aids in 
the wide range of book, pamphlet and periodical lit- 
erature. Its scope includes not only the field of pure 
mathematics, but also such fields as astronomy, chem- 
istry, engineering, geodesy, geology, physics, physiol- 
ogy, economies, psychology and other scientific dis- 
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Eight numbers of the journal have been published— 
January, 1943, to October, 1944. The articles have 
included “Tables of Trigonometrie Functions in Non- 
Sexagesimal Arguments,” “Tables of Certain Fune- 
tions in Dynamies of Structures,” “Mathematical 
Tables in Reports of the B. A. A. §.,” “Notes on the 
Computation of the Bessel Function I,(x),” “Mathe- 
matical Tables in Philosophical Magazine,” “Opti- 
mum-interval Punched-card Tables” and “Numerical 
Testing of Series by Calculations to Many Places of 
Decimals.” Under the heading “Recent Mathematical 
Publications,” 94 detailed reviews have been published. 
Under “Mathematical Tables—Errata,” 53 econtribu- 
tions; under the important heading “Unpublished 
Mathematieal Tables,” 28; “Mechanical Aids to Com- 
putation,” 11; “Notes,” 25; “Queries,” 10; and “Quer- 
ies—Replies,” 11. 

Since the committee felt that at the present time 
hardly any publication of the kind could be more 
important than “A Guide to Tables of Bessel Fune- 
tions,” an entire number of the quarterly was devoted 
to this. The report is divided into two parts, the first 
consisting of a “Guide to Tables and Graphs; Poly- 
nomial Approximations and Asymptotic Expansions” 
and the second to a “Bibliography of Authors of 


Tables and Graphs.” The first part is divided into 


‘13 sections which lists under various headings the 


known tables and graphs together with their authors 
and the ranges of approximation. 

The remarkable character of this contribution and 
its usefulnes to seience may be better understood from 
a more detailed description of its contents. But a 
preliminary word of explanation about the subject 
itself may prove helpful in this connection. 

The term “Bessel functions” is applied to the solu- 
tions of the linear differential equation | 

x*y” + xy’ + (x*-n*)y=0. 


This equation is called Bessel’s equation after F. W. 


Bessel (1784-1846), who, although anticipated in its 
discovery by more than half a century by L. Euler, 
was the first to give in 1824 a systematic description 
of the solutions and to compute brief tables of two 
of them. 

Bessel functions rival in their wealth of application 
their cousins, the cireular functions. This may be in- 
ferred from the fact that the first appearance of the 
functions was in connection with the vibrations of a 
stretehed membrane and the second in the solution of 
Kepler’s equation fundamental to the description of 
the motion of a planet about the sun. Since their 
diseovery they have appeared in many applications, 
in the transmission of eurrents in electrical net-works, 
in problems of elasticity, in the flow of heat, the dis- 
tribution of potential, the theory of diffraction, and 
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even in problems as remote from their origins as 
mathematical economics. 

With an increase in application, new forms of the 
solution of the basic equation and a variety of 
nomenclature for them were developed. In the early 
studies the Bessel function of first kind was denoted 
by J, (x). This funetion is that solution of the fun- 
damental equation which is characterized by the fact 
that it is a power series which converges for all values 
of x, and has no singularities when m is a positive 
integer. But interest soon developed in the second 
independent solution of the equation. Although this 
solution was called the Bessel function of second kind, 
it was defined variously by different writers and 
numerous symbols were used in its designation. To- 
day the preferred symbol for this function is ¥,(2) 
and such extensive tables have been computed for it 
that its selection as the normal form for the seeond 
solution seems assured. Bessel functions of third kind 
are formed from those of first and second kind by means 
of the relationships: (x) =J,(#) +4 Y,(a), and 
H,‘?) (x) Simce Bessel functions 
in their application are not limited to real values of 


‘the variable xz, numerous other auxiliary functions 


were developed in the study of the Bessel functions of 
a complex variable. To enumerate these various forms 
would be tedious and unnecessary to our purpose. For 
this and other information the reader is referred to 
the work of their modern biographer, G. N. Watson, 
whose classical treatise on the subject has been re- 
cently reissued. 

Most conspicuous among the properties of the 
Bessel functions which have interested applied work- 
ers one finds the distribution and numerical values of 
the zeros. This is readily seen from the many tables 
of them which have been computed and the numerous 
ingenious devices which have been developed for their 
approximation. In other studies interest has centered 
upon the values of the functions for large values of 
the variable x or of the parameter n. 

The work of the authors of the “Guide” under re- 
view was to enumerate all the tables of the values of 
the Bessel functions, of their zeros and of other related 
functions, together with a description of the extent 
to which the ealeulations have been carried. This has 
been accomplished by means of a compact notation 
illustruted by the following item under the heading 
J, (a) and J,(#): 12 D, Meissel 1, (.01) 15.5, 
which means that these functions have been tabulated 
by Meissel in his first paper listed in the Bibliography, 
and that the computations are to 12 decimal places 
over the range from 0 to 15.5 at intervals of .01. 

Two features of the “Guide” which the authors 
regard as of special importance are “(1) the complete 
listing of every known Unpublished Table of Bessel 
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Funetions now available for consultation; (2) the 
assembly of information regarding known Errors in 
the tables recorded.” The extensive character of this 
work is readily seen from the fact that there are 282 
references to tables and graphs of J,,(a) alone, and for 
all the funetions one finds a total of 1,071 references. 

Another service which this work supplies is to help 
in attaining some uniformity in the symbolism of the 
functions. Each enumeration of tables is preceded by 
an extensive account of the functions tabulated, to- 
gether with a standard notation for them and some 
deseription of their origins. Although symbolism has 
improved in recent years by the publication of such 
well-known tables as those of the British Association 
for the Advancement of Science, the present “Guide” 
has given considerable support to the problem by 
agreeing “as far as possible with (the symbolism) 
used by English writers.” 

One particularly useful part of the work is the 
coneluding section devoted to a summary of the litera- 
ture on “Polynomial Approximations and Asymptotic 
Expansions,” which was entirely the contribution of 
Professor Bateman. Much of the modern develop- 
ment of asymptotic series arose out of problems pre- 
sented by Bessel functions, as one may infer from 
the faet that the perfection of the powerful saddle- 
point method, or method of steepest descents, is a 
produet of the study of these functions. Computers 
and other statistical workers will be especially in- 
debted to this section of the work. 

From this it may be inferred that science has re- 
ceived a very useful addition to its tools in the publi- 
cation of this “Guide,” and it should prove to be an 
indispensable addition to standard works on the sub- 
ject of Bessel functions. 


H. T. Davis 
NORTHWESTERN UNIVERSITY 


RADIO COMMUNICATIONS 


Fundamentals of Radio Communications. By AUSTIN 
R. Frey. xii+393 pp. Illustrated. New York: 
Longmans, Green and Company, Ine. 1944. $4.00. 


Wir the large number of well-written texts on the 
subject of electronics and related fields, an author 
assumes a considerable responsibility in adding to the 
list. The author of this book, however, has not just 
written another book but has made a real contribu- 
tion in offering a work which will prove of great 
value, not only to the student who desires to make a 
serious study of the field, but also to the practical 
engineer who may not be sufficiently interested in 
radio communications to maintain a complete library 
on the subject. ‘The writer of this book struck a very 
effeetive balance between writing a text which is suffi- 
ciently complete’ and rigorous to satisfy every one 
and, at the same time, kept the mathematical treat- 
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ments on a basis which stressed the physics of the 
problem rather than the mathematical niceties. 

Obviously, the most important application of elec- 
tronies to-day is in radio communication and this book 
properly stresses that application. However, a num- 
ber of subjects which are not as important in com- 
munication as in other electronic applications are dis- 
cussed in sufficient detail to make this book a valuable 
addition to the library of those not specifically inter- 
ested in communications. 

The treatment of the various subjects follows fairly 
conventional lines. The first chapter, devoted to a 
very complete discussicn of resonant cireuits, is espe- 
cially effective. The next few chapters deal with 
thermionie emission and introduction to an elementary 
mathematies of the triode. Voltage amplifiers are dis- 
cussed and this subject is brought up to date by a good 
diseussion of the most recent developments in the field 
of ultra high frequency applications. Power ampli- 
fiers are then covered in a rather conventional manner. 
The chapter on oscillators is another one which the 
author treated rather better than the average. Not 
only is the theory worked out in a decidedly satisfae- 
tory manner, but many of the minor details which are 
important to an engineer are diseussed. Chapters on 
modulation, demodulation and R.F. transmission lines 
follow with some emphasis on the more recent work 
on frequency modulation. 

The last chapter in the book dealing with radiation 
is again one of the most satisfactory chapters in the 
book. In a rather brief but most effectively written 
chapter, the subject of radiation and antennas is dis- 
cussed. Obviously, this discussion would not enable 
an engineer to design an antenna system, but a thor- 
ough reading of this chapter should enable any one to 
understand the basic principles of the subject. Most 
treatments of this important subject are so beclouded 
with mathematies that the results can only be dug out 
with considerable difficulty. In this chapter, the au- 
thor began with a really simple equation for the in- 
stantaneous magnetic field at a distance r from a con- 
ductor. . This equation, which he wisely does not at- 
tempt to derive but to whieh he gives adequate refer- 
ence, is the starting point for a!l the subsequent dis- 
cussion. By comparatively simple mathematical ma- 
nipulation, the radiation field from a dipole and the 
other type of radiators follows. 

For the benefit of those who would use this book 
in teaching classes, each chapter is followed by a 
number of selected problems of moderate difficulty. 
The usefulness of these problems, however, would be 
considerably increased if answers to at least some of 
them would be provided. 

The book, as a whole, is very well written and is 
a good example of fine expository writing. A minor 
criticism of the book is that the drawings are definitely 
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not up to standards which we have come to expect 
from modern technical books. Some of the lettering 
is not clearly legible in the reduced scale of the draw- 
ings. It is hoped that in later editions this defect can 
be corrected. A few well-selected photographs might 
also have enhanced the attractiveness of this book. In 
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conclusion, it ean be stated that “Fundamentals of 
Radio Communications” is a well-written book which 
should be found in the library of every one seriously 
working in the field of electronics. 


JOSEPH RAZEK 
LLANERCH, PA. 


REPORTS 


RECOMMENDATIONS OF THE INTERNA- 
TIONAL CONFERENCE ON 
PENICILLIN: 

An International Conference on Penicillin was 
called for the purpose, if possible, of establishing an 
International Standard for penicillin, and of setting 
the International Unit of penicillin in terms of this 
standard. Meetings were held in the apartments of 
the Royal Society, London, from October 16 to 19, 
with Sir Henry Dale in the chair. The conference 
sueceeded in fulfilling its purpose, unanimous agree- 
ment being reached on all points. It is reported that 
the results achieved by various laboratories were re- 
markably concordant, and served as a foundation for 
the work of the conference. During the course of the 
deliberations, no essential point of disagreement 
arose, and eventually the following draft of resolu- 
tions was adopted. 

In order to facilitate diseussion the conference be- 
gan by recognizing that the different penicillins known 
as I, If and III in Great Britain are respectively 
identical with those known as F, G and X in the 
United States. The recommendations of the confer- 
ence are as follows: 

(1) That, notwithstanding the existence of more than 
one penicillin, it is desirable and possible to select and 
adept an International Penicillin Standard consisting of 
a specimen of the pure crystalline sodium salt of Peni- 
eillin Ii or G; and an International Penicillin Working 
Standard, the specific activity of which has been deter- 
mined in relation to that of the International Standard. 

(2) That the use of these Standard Preparations, for 
the time being, would meet the needs of practical stand- 
ardization and render quantitative results obtained in 
different eountries sufficiently comparable. 

(3) That the offer of the representatives of the United 
States of America to prepare the material for the Inter- 
national Standard, from contvibutions generously sup- 
plied for the purpose by manufacturers in the United 
States and the United Kingdom be gratefully accepted, 


and that the individual contributions be brought into one 


solution and finally erystallized as one uniform prepara- 
tion. 

(4) That, with a view to the eventual replacement of 
this International Standard by a preparation of identical 


1‘* Further Observations on Penicillin,’? Abraham, 
Chain, Fletcher, Florey, Gardner, Heatley, Jennings. 
Lancet, ii, p. 177, 1941. 


properties, the physical and chemical constants of the 
preparation now being adopted shall be accurately deter- 
mined. 

(5) That approximately 8 grams of the International 
Standard shall be prepared and a quantity regarded as 
adequate to satisfy international requirements shall be 
deposited with the Department of Biological Standards, 
the National Institute for Medical Research, Hampstead, 
London, N. W. 3, on behalf of the Health Organization 
of the League of Nations. ; 

(6) That, on receipt at Hampstead, the International 
Standard shall be dispensed in suitable quantities into 
separate containers and after complete desiccation shall 
be sealed in these containers in pure dry nitrogen gas, by 
the method and technique hitherto adopted for other In- 
ternational Biological Standards and shall thereafter be 
maintained in cold storage pending supply to national 
control centers. 

(7) That the International Penicillin Working Stand- 
ard for general distribution shall, for the present, con- 
sist of a calcium salt of penicillin and that the offer of 
the Food and Drug Administration of the United States 
of America to supply such a preparation be gratefully 
accepted. As in the case of the International Standard, 
the International Penicillin Working Standard shall be 
deposited with the Department of Biological Standards, 
the National Institute for Medical Research, Hampstead, 
London, N. W. 3, on behalf of the Health Organization of 
the League of Nations. It shall be dispensed in suitable 
quantities, in the manner described above, and stored and 
distributed under the same conditions as other Interna- 
tional Biological Standards. 

(8) That the International Unit of Penicillin be defined 
as the specific penicillin activity contained in 0.6 micro- 
gram of the International Penicillin Standard. 

The International Unit so defined is approximately 
equivalent to the unit originally adopted by Heatley and 
other collaborators of Florey (1941)1 and commonly 
known as the ‘‘Oxford’’ unit. 

(9) That 2.7 micrograms of the present International 
Penicillin Working Standard (see paragraph 7 above) be 
accepted as containing 1 International Unit of Penicillin. 

(10) That for the determination, by a suitable method 
of comparative assay, of the specific activity of an un- 
known preparation of penicillin in terms of the Inter- 
national Standard it is necessary to use a suitable strain 
of Staphylococcus aureus, and that this strain must have 
practically equal sensitiveness to the inhibitory actions 
of Penicillin I, or F, and Penicillin Il, or G. Tha two 
strains of Staphylococcus aureus which at present can be 
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certified, by the experience of many workers, to fulfill 

these conditions are those known variously as 

(a) No. 6571 of the National Collection of Type Cultures 
(England). 
No. NRRL B-314 (Northern Regional Research Labo- 
ratory, Peoria, Illinois, U, 8. A.). 
No. 9144 of the American Type Culture Collection 
(Washington, D. C., U. 8. A.). 

and (b) No. 209-P, the Food and Drug Administration 
(Washington, D. C., U. 8. A.). 
No. NRRL B-313 (Northern Regional Research Labo- 
ratory, Peoria, Illinois, U. 8. A.). 
No. 6538 of the American Type Culture Collection, 
Washington, D. C., U. 8. A.). 
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Both of these cultures may be obtained by applica- 
tion to the National Collection of Type Cultures, The 
Lister Institute, London, or to the American Type Cul- 
ture Collection, Georgetown University, Washington, D. C. 

(11) That the Conference recognizes that it may even- 
tually become necessary and practicable to establish 
further standards made from cther varieties of Penicillin ; 
and recommends that, with a view to such further develop- 
ment, efforts should be made to make pure samples of 
other penicillins available for international exchange 
among research workers in this field. 


These recommendations are signed by M. V. Veldee, 
R. P. Herwick and R. D. Coghill, chairman. 


SPECIAL ARTICLES 


PYRIDOXAMINE AND THE SYNTHESIS OF 
AMINO ACIDS BY LACTOBACILLI 

Lactobacillus delbriickii LD5 requires 15 amino 
acids, namely, leucine, isoleucine, valine, cystine, 
tryptophane, tyrosine, phenylalanine, glutamic acid, 
threonine, aspartic acid, lysine, arginine, serine, 
methionine and alanine, for full growth in a basal 
medium of essentially the same composition as that 
deseribed for Lactobacillus casei. Little or no growth 
oceurs if any of these amino acids, with the exception 
of the last two, is omitted; approximately half-maxi- 
mum growth is obtained in the absence of either 
methionine or alanine. Replacement of the pyridox- 
ine of the medium by an equal amount (2 y per 10 ce 
medium) of pyridoxamine (or pyridoxal)?-* elimi- 
nates the requirement of L. delbriickit for lysine, 
threonine and alanine but not for any of the remain- 
ing 12 amino acids. Good growth oceurs in the ab- 
sence of any one of these amino acids or of all three 
(Table 1). Similar results were obtained with L. 


TABLE 1 


INFLUENCE OF PYRIDOXINE AND PYRIDOXAMINE ON AMINO ~ 
ACID REQUIREMENTS OF LACTOBACILLUS 
LDS 


L. delbriickii LD5 


Amino acids omitted 
from basal medium No 
pyridoxine Pyridoxine* Pyridoxamine 


2.0 8.9 

Threonine .......+.. 0.9 

Lysine, threonine, 

alanine .........- 1.0 1.4 6.0 


* Seitz filtered. 

+ The figures are the cc of 0.1 N acid formed in 10 ce of 
medium during incubation for 72 hours at 37°; growth is 
proportional to acid formation. 


caset and L. arabinosus 17-5. However, the amino 


1 Hutchings and Peterson, Proc. Soc. Exp. Biol. Med., 
52: 36, 1943. 

2 Snell, Jour. Biol. Chem., 154: 313, 1944. 

3 Harris, Heyl and Folkers, ibid., 154: 315, 1944. We 
are indebted to these investigators for supplies of the 
pyridoxine derivatives. 


acid requirements of Streptococcus lactis R, which in- 
eludes lysine, threonine and alanine,‘ are not affected 
by pyridoxamine except that the latter supports a 
small amount of growth in the absence of alanine. 

It was possible, therefore, to determine by means 
of S. lactis R whether lysine, threonine and alanine 
are synthesized by the lactobacilli when grown in 
media containing pyridoxamine. Cells of the three 
lactobacilli cultivated without lysine, threonine or 
alanine were hydrolyzed in sealed ampules with 10 per 
cent. HCl for 10 hours at 15 pounds pressure. Addi- 
tion of portions of the neutralized cell hydrolysates 
to S. lactis media from which either lysine, threonine 
or alanine was omitted, permitted maximum growth of 
S. lactis indicating that all three amino acids were 
present in each lactobacillus. 

Pyridoxamine fulfils functions other than those con- 
cerned with the formation of the three specified amino 
acids, since it is necessary for development of L. del- 
briickti and L. casei also in media containing those 
amino acids (Table 1). However, in such media, 
pyridoxine is equally effective. There are indications 
that pyridoxine is involved in protein® and trypto- 
phane® metabolism in animals and that pyridoxine and 
pyridoxal function in the decarboxylation of tyrosine 
by Streptococcus fecalis.* 

L. arabinosus differs from the other two lactobacilli 
in that it does not require added pyridoxine for devel- 
opment in an otherwise complete medium. Presum- 
ably it synthesizes pyridoxine or some similarly active 
compound, possibly pyridoxamine.® The necessity of 
adding the latter for growth of L. arabinosus in 
media lacking lysine, threonine and alanine may be 


4 Snell and Guirard, Proc. Nat’l. Acad. Sci. (U. 8.), 29: 
66, 1943. 

5 MeHenry and Gavin, Jour. Biol. Chem., 138: 471, 1941. 

6 Lepkovsky, Roboz and Haagen-Smit, ibid., 149: 195, 
1943. 

7Gunsalus and Bellamy, Jour. Bact., 
Jour. Biol. Chem., 155: 357, 1944. 

8 Bohonos, Hutchings and Peterson, Jour. Bact., 44: 
479, 1942. 


47: 413, 1944; 
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due to synthesis of inadequate amounts of pyridox- 
amine. This is suggested by the fact that L. casei 
and L. delbriickit require ten times as much pyridox- 
amine for growth without the above three amino acids 
as with them. 

An explanation is now available for the disagree- 
ment between investigators as to the essentiality of 
lysine and threonine for growth of L. arabinosus.® 
During heat sterilization of the medium sufficient 
pyridoxamine may be formed from the interaction of 
the pyridoxine and amino acids? to permit good 
growth of L. arabinosus in the absence of lysine or 
threonine. Autoclaving a medium deficient in lysine 
for 30 minutes instead of the customary 15 or 20 min- 
utes permitted maximum growth, whereas the same 
medium autoclaved without pyridoxine and to which 
Seitz filtered pyridoxine was added, failed to support 
growth unless lysine was present. 

Jacos L. Strokes 
Marion GUNNESS 
RESEARCH LABORATORIES, 
MERCK AND Co., INC., 
Ranway, N. J. 


THE EFFECT OF UREA, URETHANE AND 
OTHER CARBAMATES ON BAC- 
TERIAL GROWTH? ? 


UREA has been shown to have anti-bacterial proper- 
ties by Peju and Rajat® and Foulger and Foshay* 
and to be effective in the treatment of infected wounds 
and diphtheria carriers by Symmers and Kirk.’ 
Holder and MaeKay®*? and Ilefeld® have reported 
favorable response of infected wounds to treatment 
with mixtures of urea and sulfonamides. Tsuchiya, 
Tenenberg, Clark and Strakosch**%11 have recently 
shown that urea inhibits para-aminobenzoie acid and 
methionine, substances which antagonize the action 
of the sulfonamides. These findings could not be con- 


9 Hegsted, Jour. Biol. Chem., 152: 193, 1944. 

1 From the Evans Memorial, Massachusetts Memorial 
Hospitals, and the Department of Medicine, Boston Uni- 
versity School of Medicine, Boston, Massachusetts. 

2 Aided by a grant from the Johnson Research Founda- 
tion, New Brunswick, New Jersey. 

&G. Peju and J. Rajat, Compt. rend. Soc. de Biol., 61: 
477, 1906. 

4J. H. Foulger and L. Foshay, Jour. Lab. and Clin. 
Med., 20: 1113, 1934-35. 

5 W. St. C. Symmers and T. 8S. Kirk, Lancet, 2: 1684, 
‘1915. 

6H. G. Holder and E. A. MacKay, The Military Sur- 
geon, 90: 509, 1942, 

7H. G. Holder and E. A. MacKay, Surgery, 13: 677, 
1943. 

8’ F. W. Llefeld, Surg., Gynec. and Obst., 76: 427, 1943. 

® H. M. Tsuchiya, D. J. Tenenberg, W, G. Clark and 
E. A. Strakoseh, Proc. Soc. Exp. Biol. and Med., 50: 262, 
1942. 

10D. J. Tenenberg, H. M. Tsuchiya, W. G. Clark and 
E. A. Strakosch, Proc. Soc. Exp. Biol. and Med., 51: 247, 
1942. 

21H. M. Tsuchiya, D. J. Tenenberg, E. A. Strakosch 
and W. G. Clark, Proc. Soe. Exp. Biol. and Med., 51: 245. 
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firmed by Kirby’* but have been confirmed by Lee, 
Epstein and Foley.** 

Urethane has received very little attention with re- 
spect to its action on bacterial growth but has been 
found to depress the respiratory rate of yeasts and, in 
low concentrations, to stimulate, and in larger amounts 
to depress the luminescence and respiration of the 
luminescent bacteria.“ Johnson'* has claimed 
that urethane exerts an anti-sulfonamide effect on 
luminous bacteria but Mellwain’® and Martin and 
Fisher!® using streptococei in in vitro and in vivo 
studies could not confirm this work. 

The investigations reported here indicate that urea 
and urethane are both bacteriostatic and bactericidal 
for many organisms, that they antagonize slightly the 
sulfonamide inhibitors and that they increase the 
solubility and bacteriostatic activity of the sulfon- 
amides. Urethane appears to be greatly superior to 
urea in all respects. 

‘Six per cent. urea and 3 per cent. urethane were 
found to be bacteriostatic for FZ. coli in veal infusion 
broth containing 50 per cent. horse serum. Staphylo- 
coecus aureus required higher concentrations of either 
drug in the same medium to produce a similar effect; 
4 per cent. urethane and 10-12 per cent. urea inhibited 
growth of this organism. The bacteriostatic levels of 
both drugs were found to be lower in synthetie media. 
The growth of Pneumococcus, hemolytic Streptococcus, 
Proteus vulgaris, E. typhi, Pseudomonas pyocyaneus, 
S. schotmullert and S. paradysenteriae (Flexner) in 
serum-veal infusion medium was found to be inhibited 
by 2 per cent. urethane and 6 per cent. urea, these 
being the final concentrations of the drugs in the 
medium. Several strains of some of these bacteria 
were examined and all were found to react in the same 
manner. 

Studies of the effect of other urea derivatives such 
as propyl and butyl carbamate on the same group of 


‘organisms showed that bacteriostasis is produced by 


lower concentrations than those necessary with either 
urea or urethane. One to 2 per cent. propyl car- 
bamate and 0.5 to 0.75 per cent, butyl carbamate 
were found to inhibit the growth of all the organisms 
listed above. 

In a large number of bactericidal tests in which the 
bacteria enumerated above were exposed to various 
concentrations of either urea or urethane at a ten- 
perature of 37° C. and subcultures taken at periodic 
intervals, it was found that killing oceurred after 5 
to 15 minutes of contact with 10 per cent. urethane in 


12 W. M. M. Kirby, Proc. Soc. Exp. Biol. and Med., 
53: 109, 1943. 

13 §, W. Lee, J. A. Epstein and E. J. Foley, Proc. Soc. 
Exp. Biol. and Med., 54: 107, 243, 245, 1943. 

14 H. Johnson, Screncg, 95: 104, 1942. 

15 H. MeIlwain, ScreNCcE, 95: 509, 1942. 

16 G. J. Martin and ©. V. Fischer, Science, 95: 603, 
1942. 
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veal-serum broth even when inocula as large as 50,000 
to 75,000 bacteria were used except with Staphylocoe- 
cus aureus which, in some of the tests, was killed only 
after 3.to 4 hours of exposure; with small inocula of 
this organism bactericidal action was often noted in 
30 minutes. With a concentration of 5 per cent. 
urethane the time required to produce bacterial death 
was appreciably longer than with the larger amount. 
The action of urea was found to be much weaker than 
that of urethane and 2 hours of contact were often 
required before 20 per cent. urea in broth produced 
the same degree of effect as did 10 per cent. urethane 
in 5 minutes. Twenty per cent. urea was found not 
to be bactericidal for Staphylococcus aureus even after 
exposure for 24 hours. Pseudomonas pyocyaneus and 
Proteus vulgaris appeared to be the most susceptible 
to the aetion of the carbamates. 

The action of urea and urethane on para-amino- 
benzoie acid was examined a number of times using 
E. coli and Staphylococcus aureus in synthetic and 
horse serum-veal infusion media. The amounts of 
sulfanilamide used were 15 mgms per 100 ce in the 
synthetic and 75 mgms per 100 ce in the serum-veal 
infusion medium for E. coli and 50 mgms per 100 ee 
in synthetic and 100 mgms per 100 cc in infusion 
broth for the Staphylococcus. In one series of ex- 
periments two non-bacteriostatic amounts of urea (2 
and 4 per cent.) and urethane (1 and 2 per cent.) 
were titrated against fourteen concentrations of para- 
aminobenzoie acid ranging from 0.001 to 2.5 mgms 
per 100 ec; in another, seven different quantities of 
para-aminobenzoic acid were tested against six varying 
amounts of urea. Both urea and urethane produced 
inhibition of the sulfonamide antagonist, the effect be- 
ing evident, however, only with very small quantities 
of para-aminobenzoic acid. Inhibition of PABA by 
urea occurred for 96 hours only when 0.001 mgms per 
100 ee of the acid were used. The carbamates antago- 
nized slightly higher concentrations of PABA only 
for short periods of time, while larger amounts of this 
substance showed complete lack of inhibition by either 
urea or urethane. Urethane was more active than 
urea since about one half the concentration produced 
the same effect on PABA. 

The combination of non-bacteriostatic amounts of 
urea and urethane with non-bacteriostatic quantities 
of sulfanilamide produced pronounced inhibition of 
baeterial growth. . The bactericidal potency of ure- 
thane was also increased moderately by the addition 
of non-bactericidal concentrations of sulfathiazole. 
Non-baeteriostatic amounts of urea and urethane in 
combination with sulfanilamide produced marked fiat- 
tening of the growth curves of EL. coli and Staphylo- 
coccus aureus, each substanee alone yielding a normal 
curve of bacterial multiplication. 
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It has been shown that urea increases the solubility 
of the sulfonamides. A similar effeet was noted with 
urethane; thus, the solubility of sulfanilamide at 20° 
C. was 400 mgms per 100 ec in water and 1,000 mgms 
per 100 ce in 10 per cent. urethane solution in water. 
Two hundred mgms of sulfathiazole could be dissolved 
in 100 ee of 10 per cent. urethane in water, but only 
69 mgms went into solution in water alone at 20° C. 

The mode of action of urethane and urea on bac- 
terial growth is not clear, but certain factors appear 
to have been ruled out. The osmotic pressure of the 
solutions probably plays no rdéle since it has been 
found that concentrations of urea and urethane which 
inhibit bacterial growth have no effect on the human 
erythrocyte even after exposure for 24 hours at 37° C. 
Furthermore, while 10 per cent. urethane invariably 
kills all the organisms studied, 10 per cent. sodium 
chloride, 20 per cent. sucrose and 20 per cent. glucose 
solutions show no bactericidal action even after 24 
hours at 37° C. All the solutions of the carbamates 
in the media in which the tests were carried out had a 
pH of from 7.2 to 7.4. and others'® have 
shown that narcotics, among them urethane, have a 
depressant effect on the enzyme systems of lumi- 
nescent bacteria in certain concentrations; it is pos- 
sible that the same type of action is responsible for 
the effects noted in the studies reported here. 

A small number of various types of infections in 
man have been treated with a mixture containing ten 
grams of urethane and 1 gram of sulfanilamide in 100 
ce of water, and those in which Gram negative bac- 
teria were the predominant organisms responded very 
rapidly with sterilization and healing of the wounds. 
Infections with Gram positive bacteria were much 
more refractory to treatment. Some evidence was also 
obtained -which indicates that urethane does not im- 
pede wound healing in man. 

The studies reported here indicate that urethane and 
urea exert both a bacteriostatic and bactericidal action 
(depending on the concentration used) mainly against 
Gram negative bacteria but also to a lesser degree 
against Gram positive organisms, that they antagonize 
sulfonamide inhibitors, inerease the solubility of sul- 
fonamide compounds, and are of value in the treat- 
ment of Gram negative infections in man. The aec- 
tivity of the four carbamate compounds tested against 
bacteria appears to be in the following order; most 
active is butyl carbamate and least effective urea, with 
urethane and propyl urea oceupying a middle ground. 


Lovis WEINSTEIN 
Anice McDONALD 


17 BE. N. Harvey, Erg. d. Ensymforsch., 4: 365 (cited by 
Johnson), 1935. 

18 N, U. Medrum, Biochem. Jour., 24: 1421, 1930. 

19 G. W. Taylor, Jour. Cell. and Comp. Physiol., 4: 329, 
1933-34. 
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THE INFLUENCE OF “FOLIC ACID” ON 
SPONTANEOUS BREAST CANCERS 
IN MICE}! 


In a recent communication? we reported that a 
“folie acid concentrate” and a crystalline L. casei 
faetor® (“folie acid”) were found to be strong in- 
hibitors of tumor 

In the following communication evidence for the 
therapeutic action of L. casei factor on spontaneous 
breast cancers in mice is presented. Further details 
will be given later. 

Experimental: 149 mice from three different strains 
(Jackson Memorial Laboratory, strain A, Rockland 
strain and Bagg strain) bearing single spontaneous 
breast cancers were selected for the experiments. A 
definite diagnosis of malignancy was established by 
biopsy. The animals were kept on a normal diet 
(Reekland mouse pellets); 120 animals were divided 
into two groups (60 mice each) in such a way that 
they were matched as to strains and, as closely as 
possible, as to location and size of the tumors. 

One of these groups of 60 mice received daily intra- 
venous injections of 5 micrograms L. casei factor over 
a period of 4 to 6 weeks; the control group of 60 mice 
did not receive any injections. Another set of 29 mice 
were also treated with 5 micrograms of L. casei factor, 
but without “matched” controls. No toxie effect was 
observed in the treated animals. 

Results are presented in Table 1. 


TABLE 1 


Errect or L. CASEI FactorR ON SPONTANEOUS BREAST 
CANCERS IN MICE 


Number of Number of Number of 


Number Dose 
3 healed living new 
of mice injected mice mice tumors 
6u 5 micrograms 26 34 0 
60 0 wis 20 14 
29 5 micrograms 12 15 j 1 


It is evident from this table that intravenous injec- 
tions of 5 micrograms of L. casei factor led to com- 
plete disappearance in 38 among 89 tumors. No 
tumor disappeared among the 60 controls. Fourteen 
controls developed new tumors, whereas one new tumor 
was observed among the treated mice. Among the 89 
treated mice 49 are still living, including 33 healed 
animals. 

-The observation period extends from two to ten 
months for treated groups and controls. During this 
period, no local reeurrences or new tumors were ob- 
served among the healed animals. 


2 This work was aided by grants of the International 
Cancer Research Foundation and the Lederle Laboratories, 
Ine, 

2C. Leuchtenberger, R. Lewisohn, D.“Laszlo and R. 
Leuehtenberger, Proc. Soc. Exp. Biol. and Med., 55: 204, 
1944. 

3 The L. casei factor was obtained through the courtesy 
of Dr. E. L. R. Stokstad and Dr. B. L. Hutchings, of tae 
Lederle Laboratories, Inc. 
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Summary: Complete regressions of spontaneous 
breast cancers in mice were observed in 38 among 89 
animals (43 per cent.). The treatment consisted of 
daily intravenous injections of 5 micrograms of L. 
casei factor (“folic acid’). The treated animals lived 
longer than the controls, especially the healed mice. 
The ineidence of the development of new tumors was 
decreased among the treated mice as compared with 
the controls. 

R. LEUCHTENBERGER 
C. LEUCHTENBERGER 
D. LaszLo 

R. LewisoHn 


Mount Sinai HOSPITAL, 
New York City 


PENICILLIN ASSAY! 


In Sorence for March 24, 1944, a method was 
given for determining the potency of penicillin.? The 
following is a further development and gives a simple 
statistical method of determining both the potency of 
antibiotic substances in terms of suitable standards 
and error of assay by use of a chart and a nomograph 
in conjunction with four figures obtained by certain 
additions and subtractions of the diameters of the 
zones of inhibition of the ineubated plates. 

The penicillin assay to which this statistical method 
applies directly involves four plates (Petri dishes) 
seeded with Staph. aureus or other appropriate or- 
ganism. Four small glass cups are placed on each 
plate (metal eups or blotter dises may be used). The 
cups are then filled with penicillin so that each plate 
has two dilutions of the standard and two dilutions of 
the unknown made up so that one dilution contains 
.25 unit/ml and the other 1.00 unit/ml. The un- 
known is diluted according to its estimated potency. 
Thus the ratio of the two doses on both the standard 
and the unknown is 4 to 1 (or log of ratio of 
doses = log 4=.602). 

Both the formula for the potency as a per cent. 
of the standard and the formula for the ratio of the 
error of the potency to the potency have been graphed 
in relatively simple form for use in the laboratory® 
as shown in Figs. 1 and 2. To use the nomograph, 
simple additions and subtractions have to bé made 
on the measurements of the diameters of the zones 
of inhibition to obtain V, W, R; and R,. 

1The author wishes to gratefully acknowledge the en- 
couragement and assistance of Dr. W. Edwards Deming, 
of the Bureau of the Budget, and also the drafting of the 


chart and nomograph by Pete James, of the Food and 
Drug Administration. ; 

2**A Rapid Quantitative Method for the Determina- 
tion of Penicillin,’? M. B. Sherwood, E. A. Faleo and 
E. J. deBeer, SCIENCE, 99: 247. 

3 Enlarged graphs and the procedure employed by the 
Food and Drug Administration in their routine assay of 
penicillin may be obtained by writing to the Division of 
Bacteriolo of the Food and Drug Administration. 
Mathematical derivation of the method will be published 
elsewhere. 
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An example may clarify the procedure. The data 
are given in Table 1. 


TABLE 1 
PENICILLIN PLATE-ASSAY* 


uL uH 
8L SH esti- esti- Vv Ww 
.25 1.0 mated mated or or 


mm wu/mg u/mg (su + 8H) (SL + UL) 
mm mm 


Plate 

No. u/mg u/mg  .25 1.0 (uL+Un)— (sH+uH)— 
mm 

1 

2 

3 

+ 


16.0 22.5 15.0 20.0 — 3.5 11.5 
16.2 225 145 19.5 —4.7 11.3 
16.0 22.5 15.0 22.0 -1.5 13.5 
15.0 22.0 14.0 21.0 — 2.0 14.0 
Sum 63.2 89.5 58.5 82.5 -11.7=V 50.3=W 
Range eee eee eee 3.2=Ry 2.7=Rw 


4Data from the laboratories of the Division of Bacteriol- 
ogy, Food and Drug Administration. 


The columns headed s,, sy, Uz, and u, (diameters of 
zones Of inhibition on low and high doses of standard 
and unknown) are totalled and the values of v and w 
are calculated. The values of V and W are checked 
by separately adding the columns headed v and w. 
R, is the range of the v column. R,, is the range 
of the w column. 

The graph shown in Fig. 1 is entered with V = 


8 


> 


is} 


MY) 


a 


W= - (u+s.)] 


Y 


36 =5 
Fig. 1. Chart for determining potency as per cent. of 
a standard from the formula: 


Potency = antilog (2 + 7) 


WwW 


V and W are ealculated from diameters of zones of 
inhibition. The chart is entered with coordinates V and 
W and the potency is-read off the radial lines. The ratio 
of doses is 4: 1. 


and W =50.3 and the potency is found to be 72 per 
cent. of the standard. 

To ealeulate the error of the assay, the inside scales 
on the right-hand side of the nomograph shown in 
Fig. 2 are entered with V =11.7 and W=50.3 (only 
absolute values of V, W, R, and R, are used in the 
caleulation of the error of the assay). By means of 
a straightedge connecting first the values of V and W, 


| marking the point of intersection of the straightedge 
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and the diagonal line and then connecting this marked 
point and R,, read the value of Q (.65). T is equal 
to Q? + R?,=10.66. The left-hand side of Fig. 2 gives 
the value of the ratio of the error of the assay to the 
potency to be .087 by connecting the value of W (or 
50.3) with the value of T (or 10.66). The error of 
the assay equals .087 x 72=6.3. 

However, if 11.4R, is greater than W the slope of 
the assay does not differ significantly from zero by 
Student’s ¢ test. This is an indication of faulty pro- 
cedure, and when the fault is located, the assay should 
be repeated. If the potency lies outside the limits 
given in Fig. 1, the assay should be repeated using a 
higher or lower dilution. In practice one may also 
wish to test the parallelism of the lines, however, lack 
of parallelism influences the size of the error of the 
assay. 

The charts as given apply directly only to assays in 
which the ratio of the high dose to low dose equals 
4to1. The potency chart can be used for any num- 
ber of plates and should be remade for ratios of doses 
other than 4:1, although the following formula gives 
an approximation within one per cent.: 

Corrected Potency minus 100 = (Potency 


io of 
from chart minus 100) log 


The nomograph for the error of the assay applies 
directly only if 4 plates are used. However, it can 
be used for any number of plates and any ratio of 
doses by multiplying the resultant ratio of the error 
of assay to the potency by the appropriate figure 


given in Table 2. 
- TABLE 2 


Number of Ratio of doses Ratio of doses Ratio. of Geass 


2 1.2901 1.0715 6451 
3 1.0534 .8749 5267 
4 1.0000 .8306 5000 
5 9896 8219 4949 
6 9949 .8263 4974 
7 1.0071 .8364 5035 
8 1.0226 .8493 5113 


The error of the assay calculated here or in any 
penicillin assay estimates only how closely one assay- 
ist ean check himself on any given set of dilutions 
of unknown and standard. It does not include any 
errors of weighing or errors due to variations in 
materials or subdivisions of a lot of penicillin. Since 
very minute amounts of materials are used in this 
type of penicillin plate-assay, appreciable errors in 
weighing are likely to oceur. An assay could be de- 
signed to include these errors by using two or more 
weighings and stock solutions of standard and un- 
known on each assay. Any statistical formula using 
the data from one series of, say, 4 plates from the 
same weighing and dilution can not estimate errors 
other than those accounting for some measurable 
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8 


eds 


T=R+Q 


Ratio: Error of Assay/Potency 


~ 
to 


W = 
i 


7 Retie T w 4,2 17.66 


Note: Range of v 5.0 26.00 


Von: 101, No. 2611 


Range of w 


V = -(S+S)] 
W= - (UsS,)] 
R. 


Penicillin assay nomographs for estimating the error of the assay from the formula 


Error of Assay k R?. v? 


Potency 


Ww? 


V,W,R,, and R, are calculated from the diameters of the zones of inhibition on the two dose, four plate, penicillin 


assay in which the ratio of doses is 4: 1. 


A more complete table of squares such as Barlow’s ‘‘Tables’’ should be 


substituted whenever possible for the brief table of squares given between the nomographs. Here k = 1.35, this being 
in 4 times the square root of the number of plates all divided by the average number of standard deviations in the 


range. 


variation within the assay. Une ean not state on the 
basis of this ealeulated error of assay that the lot of 
penicillin was, say, 650+20 units/mg unless the 
method was so standardized and the results so kept 
in “statistical control” that any assayists at various 
laboratories ean check each others’ results as closely 
as one assayist ean check himself. 


The charts and methods ean be used in similarly- 
designed assays of other drugs, ¢.g., in the Vitamin A 
assay involving two-dose comparisons of standard an< 
unknown, with four male rats from each litter. 


Lina F. Knupsen 
Foop AND DruG ADMINISTRATION, 
WASHINGTON, D. C. 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A MANOMETRIC APPARATUS FOR RESPIR- 
ATORY STUDIES OF SMALL ANIMALS 


THE equipment described below was designed to aid 
in an investigation of chronic cyanide poisoning in 
the rat. It is presented because the method has certain 
advantages not found in other techniques and is adapt- 
able to use in a variety of biological research problems. 

The apparatus is essentially a constant volume 


manometer with a small pump to continuously cireu- 
late the gas (Fig. 1). It is simple and inexpensive 
and except for the air pump may be easily assembled 
from ordinary laboratory materials. The experimen- 
tal animal is placed on a screen in a museum jar of 
about six liters eapacity with the groundglass edge 
sealed with petrolatum to a piece of plate glass. A 
hole in the top plate contains a rubber stopper through 
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xhich pass three glass: tubes; a short one just enters 


B ihe jar, another one reaches about half way down, and 


the third goes to the bottom of the chamber. Air is 
ireulated through the system by a simple diaphragm 
pump With glass valves which is operated by a vari- 


DIAPHRAGM PUMP 


MANOMETER 


Fic. 1. Diagrammatic sketch of manometric respiration 
\pparatus. 
able speed electric motor adjusted to deliver approxi- 
mately a liter of gas per minute. The air- bubbles 
through a flask of water, enters the top of the animal 
chamber through the short tuve, and is taken out at 


the bottom by the longest tube. This removal of the 


bottom layer of gas prevents CO, from accumulating 
in the animal compartment. Carbon dioxide is re- 
moved from the air as it passes. through the flask 
containing shell potassium hydroxide, and the dried, 
CO.-free gas is then returned to the pump and re- 


@ circulated. The third tube from the animal compart- 


ment leads to a Warburg manometer containing 
Brodie solution.t Changes in the height of this fluid 
column indicate pressure variations in the system. 
A T connection to the gas line leads through a coil 
io a rubber anesthesia bag which contains oxygen for 
iefilling the system. The animal compartment and 
the flasks are nearly submerged in a constant tem- 
perature water bath. 

Since the manometer has one end open to the air 
it is neeessary to ‘correct the readings of the fluid 
column for ehanges in barometric pressure. This is 
(lone with a second manometer, not shown in the 
sketch, which is connected to a second chamber of 


# ‘pproximately the same volume as the total gas space 


in the first system. This vessel is immersed in the 
water bath and therefore will compensate for slight 
lemperature changes also. 

Before making an oxygen consumption determina- 


@ ion, the apparatus is checked for leaks by observing 


Dixon, ‘‘Manometric Methods.’’ Cambridge. 
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whether it will maintain a positive or negative pres- 
sure. The animal is then placed in the chamber in 
the water bath at 28° C., connections with the air flow 
line and manometer are made with rubber tubing, and 
the pump is started. During an initial ten-minute 
equilibration period the manometer stopcock is closed 
and the clamp on the line‘leading to the oxygen bag 
is left open; since there is a slight positive pressure 
due to the elasticity of the bag, there is a flow of gas 
to compensate for any oxygen consumption by the 
animal. This clamp is closed before manometer read- 
ings are started. When the manometer fluid falls to 
the bottom of the scale more oxygen is admitted by 
opening the clamp and the fluid is releveled to the 
150 mm mark. The system-may then be closed and 
read again within one minute. Since the oxygen is 
thus quantitatively replaced there is never a signifi- 
eant deficit. 

Readings and thermobarometric corrections are 
made as in the Warburg type of manometer,’ and a 
constant forthe apparatus maybe calculated in the 
same way if the volume of the system is measured. 
A simple multiplication of the corrected reading by 
the constant then gives the volume of oxygen adjusted 
to normal temperature and pressure. 

Since the sensitivity of the system depends upon 
the gas volume, it is possible to adjust it by altering 
the size of the animal chamber. The device as illus- 
trated with a volume of about seven liters is sufficiently 
sensitive to permit readings each minute with an aduit 
rat. 

W. A. Rosie 
P. J. LEINFELDER 
DEPARTMENT OF OPHTHALMOLOGY, 
COLLEGE OF MEDICINE, 
STATE UNIVERSITY or IOWA 


A MAGNETIC STIRRER FOR CONTINUOUS 
GAS-FLOW APPARATUS 


In the course of growth studies on the alga Chlorella, 
it was found desirable to compare growth in continu- 
ously stirred cultures with that in intermittently stirred 
cultures. In the latter, 5 per cent. CO, in air was bub- 
bled through eight flasks in series. To maintain anal- 
ogous gas conditions, a simple magnetic stirrer was 
devised which permitted the same stream of gas to flow 
through the series of cultures. The accompanying dia- 
gram (Fig. 1) shows the essential features of the 
apparatus. 

A constant-temperature bath having a shoulder with 
a glass inset bottom (A) is employed. In the space 
below the shoulder is a bank of Mazda lamps (B) that 
may be adjusted in elevation to vary the intensity of 
illumination. The lamps are cooled by a fan; and the 
bath temperature is regulated by a thermostatically 
controlled heater and refrigerator coil (not shown). 


é 
| 
/ 
E 
lin 
be 
ni 
) 
ve 
ed 
n- 
of § 
ve 


50 SCIENCE 


A horizontal rod (C) is fastened to the front of the 
bath, and from this eight Erlenmeyer culture flasks 
are supported in the bath over the glass shelf by means 
of jaw elamps. Each flask is one-third filled with 
liquid medium containing the algal cells. The gas 
mixture of 5 per cent. CO, in air from a cylinder of 
compressed gas is bubbled through the vessels con- 
nected in series by glass bends and rubber tubing. 


Fia. 1 


Stirring of the cultures is effected by paired cylin- 
drical Alnico magnets (4 mmx45 mm). Eight driv- 
ing magnets (D) are inserted into a glass tube (4.5 
mm bore) with like poles facing, and the tube (E) is 
bent into a U to fit into the bath. The magnets will 
tend to distribute themselves equidistantly, but can be 
moved to desired positions by an externally applied 
magnet. The U-tube is supported in the bath by 
clamps attached to wobble bearings (F). Each bear- 
ing is made by bending a strap of brass to fit around 
a roller-skate wheel and then bolting the two together. 
The lateral extensions of the brass strap are then 
serewed or clamped to the sides of the ‘bath. These 
bearings require no lubrication, are practically wear- 
proof and allow considerable tolerance in alignment 
of parts. Fastened between the left bearing and its 
clamp is an upright brass plate (G) (6”x1”) with 
a series of small holes drilled along both edges. A 
light spring (H) is hooked through a hole in the front 
edge and connected to a vertical clamp (I) at the 
corner of the bath. A loop of wire is passed through 
a hole at the other edge and joined by a braided cord 
and pulley (J) to an eccentric drive turned by an 
electric motor. The eccentric is made by attaching 
a brass bar to the shaft of a reducing gear connected 
with the motor, drilling a series of holes in the bar, 
and fastening a roller-skate wheel to it by a wing nut 
and bolt through one of the holes. The pulley cord is 
connected to the wheel by a wire loop, and a turn- 
buckle (L) is inserted to take up slack. 

The stirring magnets are similar Alnico cylinders. 


Vou. 101, No. 26); 


Each is sealed in Pyrex tubing to render it non-y. 
active with the cultures. The tubing is thick-wallo, 
to withstand mechanical shock, and is thoroughly ap. 
neaied to eliminate strain. One such stirrer (M) js 
inserted into each flask of medium prior to sterilizg. 
tion and inoculation. These stirring magnets auto. 
matically assume proper polar orientation with re. 
spect to the driving magnets. 


In operation, the turning of the motor causes the 


U-tube with the driving magnets to swing as a pendv- 


lum under the flasks. The driving magnets in tum 
impel the stirring magnets to roll back and forth in & 


the culture flasks, setting up mixing currents. An 
oscillation rate of about one swing per second has been 
found to keep even the heaviest cultures in indefinite 
suspension. The rate is most readily adjusted by a 
rheostat in series with the motor. The amplitude of 
the swing can be regulated by changing the position 
of the wheel on the motor eccentric and by adjusting 


the ratio of the length of the brass plate (G) (from | 


attachment to bearing) in relation to the length of the 
vertical part of the U-tube (from bearing to bend). 

This magnetic stirring arrangement has several ad- 
vantages over the usual propeller or pump stirrers or 
shakers. Mechanically, it is simple to construct and 
operate. Continuous serial gas flow may be main- 
tained through the vessels. Gas connections do not 
have to be wired to prevent their shaking loose. Single 
flasks may be removed for sampling without inter- 
rupting the agitation of the others. Since stirring i: 
effected within a sealed system, the purity of cultures 
ean be maintained. Actual use has shown that the 
stirring is gentle but effective and causes no evident 
damage to the cells. On the contrary, the improve- 
ment in the eultural conditions is such that more than 
double the yield is obtained in half the time. Though 
originally designed for algal-growth experiments, this 
magnetic stirrer may well find use in a wide range of 
biological and chemical procedures in which continuous 
gentle agitation is desired. 

M. WINOKUR 
LABORATORY OF PLANT PHYSIOLOGY, 
CoLUMBIA UNIVERSITY 
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